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Abstract 
These days, in the extremely competitive nature of business, nearly every big business has to reap 
the benefits of investing in improvements of its supply chain. The beginning of the upgrades is 
considered together with the examination concerning profits and most organisations have 
addressed measures that a supply chain execution and monitor changes in order to drive the 
benefits of their business. While execution estimation is basic, most organisations either measure 
excessively or pay little attention to supply chain. Different weaknesses may incorporate; an 
excessive number of measurements, disconnected measurements, clashing measurements, 
obsolete measurements, temperamental information, and absence of possession, among others. 
Some organisations measure incorrect variables in their pursuit of their objectives. This is 
detrimental to the realisation of these objectives and this affects the organisation. Framework 
estimations lead to improved framework. "Estimation is the initial step that prompts control and 
in the long run to progress. In the event that you can't gauge something, you can't get it. On the off 
chance that you can't get it, you can't control it. On the off chance that you can't control it, you 
can't improve it" (Harrington, 2012).  
Paybacks of supply succession visibility have long been identified. Supply chain visibility is 
referred as SCV in this report. Visibility of the supply chain as an element of a measure can be 
achieved via “visualisation of data”, which is called a dashboard of supply chain in this research 
project. Normally, after identifying SCV as a possible solution, many organisations started 
deploying it as a way to reach their business objectives, i.e., cost reduction and service delivery 
improvement, etc. Businesses often experience discontent as existing results failed to deliver as 
required due to the nature of the business surroundings. Achieving SCV excellence is the main 
concern for leading organisations in the supply sequence. Some main trials faced by these 
organisations include seasonable demand, undependable order projections and increments in 
complexity in view of  tough global competition concerning procurement situations, etc. 
To solve these setbacks effectively, companies require a robust and dynamic framework which 
will enable them to make swift responses to facilitate the supply chain through availing data 
timeously to all supply chain stakeholders, including the customer. This research also looks at 
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developing a dashboard, here referred to as a “Supply Chain Dashboard.” For ease of relevance it 
is coupled with practical cases for case study companies in Gauteng. This idea is based on a 
technique for mapping, displaying, examining and overhauling esteem chains for broadened 
advantages and observing models for control where the board and basic leadership is dependent 
on constant data sets. The proposed system bolsters basic leadership by outwardly showing 
datasets in a genuine timetable. "Driving" and "slacking" pointers in with respect to supply chain 
execution. The control board or dash offers support for observing, examination/investigation and 
the executives, consisting of three pointers; execution, analytic and being in charge. The control-
panel idea fills in as the fundamental reason for an inventory network studio that will permit fast 
basic leadership which is dependent on success on constant data. This report proposes the 
prescribed procedures for imagining key execution markers as appropriate in the production 
network. 
 
This research work is in part a compilation of the articles transcribed by the Author during his 
research tenure, (as listed in Appendix 1). This may be ‘considered’ as self-plagiarism or duplicate 
submission as it has been submitted for publication in conference proceedings and may counter 
against plagiarism scores rule. The presented approaches concentrate mostly on empirical 
consequences from South African industries, as well as general morality from management, 
manufacturing, and operations. A research survey was also carried out to compare performance, 
improvements and loss results for the three selected industries; top performing companies (class 
A); average performers (class B) and dawdlers (least performers, class C). This is to distinguish 
and analyse results of top performing companies and companies not performing well practically. 
Risk response strategies are also discussed in this dissertation as a way of managing and controlling 
risk of supply chain. 
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Chapter 1: Introduction  
1. Background and Introduction  
1.1. Title Introduction  
Robust supply chain administration entails the organisation of a supply chain using linear 
mathematical encoding of optimisation approaches and uncertainty in several variables such as 
that of financially stable suppliers along with an array of preferred suppliers in the supply chain 
network (Zokaee et al., 2017). 
Resilience supply chain can be seen as “the ability of a supply chain to cope with change”; it 
should be seen as the next phase in the advancement of traditional supply chains (Christopher, 
2017). 
1.2. Problem Statement and Definition 
Businesses are faced with an increasingly upwardly mobile mandate to shrink time-to-market 
(products lead times) in order develop customer service and mitigate business threats while 
simultaneously  trimming costs, improving on efficiency and optimizing revenue. The supply 
chain systems have gradually become the key to businesses’ competitive edge. However, they 
are prone to supply chain disruptions. Consequently, disruptions are reported as high double 
digits percentages in the literature as having an impact on the overall organisational success for 
supply chains. 
 
The quality of the supply chain is an essential factor in the manufacturing and logistical 
business sector and can be considered the heart of logistical and manufacturing supply chain 
systems. Organisational productivity relies on the strength, agility and reliability of the supply 
chain system. The pressure of global market competition has intensely affected the 
performance of the manufacturing systems and this requires for a resilient and robust supply 
chain,  holistically integrated into the organisation and it is able to respond to changes that are 
affecting the system A system’s inability to perform optimally is due to “interferences” factors, 
both internal and external. Examples of such interferences (also commonly known as 
‘disruptions’ in this research) are illustrated below: 
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1.2.1. Supply Chain Disruptions Defined 
From its inception, Supply Chain (SC) has been perceived by many to be an economics and 
management science-related problem. For as long as supply chains have existed, disruptions 
have affected, currently are affecting and will continue to affect the SC systems. Nevertheless, 
SC distractions have received significant attention from practitioners and researchers over the 
past decade. One of the reasons for this increasing awareness is the spate of high-profile 
disruptions on a global scale. For example, the hurricanes (Harvey, Irma, Jose, Maria), together 
with recent local reported disruptions of flood in 2016 (Rice, 2018). Supply chain disruptions 
became a very relevant area of research for supply chain stakeholders. 
 
According to Wilson (2007), supply chain disruptions refers to anything which causes an 
interruption to the products and services movement of the network of supply chain of a 
company. This, in turn, can cause a sudden block in the goods and service movement and can 
prove costly to the performance of the organisation. This disruption could be reason for the 
bankruptcy of the supplier, labour disputes and even political instability. 
 
According to Bode and Wagner (2015), supply chain disruptions can be understood to be a 
form of ‘cancer' in the corporate world which need to be tackled by the management. The 
researchers highlighted that supply chain can be detrimental to a company’s performance and 
can lead to a decrease in the value of shareholder dividends. Not only this, it constitutes 
financial risk, having a negative impact on stock market results. 
 
The first effect of a supply chain disruption is loss of productivity, i.e., if company does not 
have what they are supposed to have, when and where it is needed, labour or people have to 
wait, solve the problem or approach their work differently. Supply chain disruptions are costly 
and should be well managed at all times, taking into account all the productivities in which the 
companies are involved. Impacts of these disruptions can only be alleviated if the companies 
have proactive risk-management processes in place or have an agile or responsive SC system 
so that there is a zero or possible minimum effect on the SC system. A supply chain solution 
that does not account for ‘disruption’ in its model is not complete and cannot be deemed to be 
relevant to address the issues faced by supply chain companies. 
 
Many companies have benefitted from improved leanness and efficiencies of the supply chains. 
Due to these improvements, products and services have generally become much cheaper, 
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ending up in higher profits and revenue for organisations. However, it is still arguable that these 
positive changes have not come at a price. Evidently, as these systems become complex and 
vulnerable, they become more exposed to more unforeseen disruptions and risks than ever 
before. These disruptions in their supply chains are due to pressure to make them as lean as 
possible. The unfortunate part is that even the small disruptions in the value stream can have a 
notable impact that is out of proportion to the existing disruptions. 
 
There’s a notable amount of literature related to this, and we aim to dig deeper into it and 
contribute to this body of literature. The aim is to propose a robust and resilient supply chain 
model that addresses the challenges faced by today’s supply chain companies. It is important 
that the solution to the problem is relevant and current as yesterday’s solutions may be 
irrelevant when addressing issues faced by today’s companies. Examples of the high level 
disruptions are drawn from literature are discussed in the Literature Review section. In what 
follows, research objectives are discussed. 
 
1.3. Research Objectives  
 The purpose of the research is to build up an elastic supply chain by means of healthy supply 
chain administration in the business structure. Logically, the total value of any supply chain 
depends on customers’ perception and this depends on the deadline management, the rate of 
supply chain disruptions and summation of the costs incurred in the production of goods as 
compared to the relief and sales of products in the economy. 
 
Management of Supply chain begins from sales and ends up in the use of logistics when 
delivering products and services. As highlighted by Manners-Bell (2017), any sort of 
disturbance in the entire supply chain network could result in a profits loss. This could be in 
the form of penalties, or even cancellation of an order on behalf of the customer. The supply 
chain management is carried out to ensure the use of profits generated from each individual 
stage of development. 
 
Overall objective of the study is to evaluate the impact of disruption to supply chain 
organisation due to material shortages, machine breakdowns among other things and 
corresponding financial impacts and to also develop or suggest a model after disruptions. This 
model should recommend response strategies that minimize the possible loss or impact. 
Policies are created to accelerate recovery and identify alternative suppliers that can help in 
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delivery in the case of suppliers that are not delivering. This can be done with a concept of 
benchmarking, analysing performance by class among companies, grouped by performance 
status. 
 
This research study seek to address the following objectives: 
1. Development of a “robust and robust” supply chain system; 
2. Managing disruptions through visual management concepts and principles; 
3. Evaluating the performance of a manufacturing supply chain system from an economic 
perspective;  
a. To measure supply chain schedule from an economic perspective 
b. To suggest a reporting mechanism suitable to measure supply chain systems, 
and design-related dashboards to assist in system improvements.  
4. To understand impacts disruptions have on supply chain company class (top 
performers,  average and dawdlers as called in this report), 
 
The study suggest that through effective implementation of the recommendations presented 
in this report, companies should realize more closely a robust and resilient supply chains as 
this report seek to address. 
 
Given the complexity and the dynamics associated with supply chain systems, a unified model 
becomes a necessity when addressing and/or solving the problems considered in this report. 
Most researchers and practitioners attempt to solve this problem by using a single approach, 
which becomes limited to one type of system of supply chain. The outcomes of this system is 
regarded as ‘all-in-one’ – a single unified model suitable to solve problems associated with all 
configurations of supply chains.  
 
The aim is to introduce a model suitable for assisting businesses in managing their supply 
chains through visual management tools. This tool should help supply chain companies to align 
supplier activities with organisational goals by defining measure and enhancing supplier 
performance in a more efficient manner by using correct matrix.  
Among others, benefits are as follows: 
a) Improved visibility of systems’ interferences and analysis; 
b) Establishment of performance and disruption management processes;  
c) Pre-defined disruption-recovery framework and/or approach; 
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d) Disruptions’ impact per company size; 
e) Suggestions on how companies can move from dawdlers class to top performers 
class; 
f) Overall reduction on the impact of disruptions; and  
g) Robust and resilient of systems of supply chain. 
 
The first Chapter outlined the research problems and questions. It presented factual reasoning 
behind subject matter of this research, with practical cases (hypothetical arguments). This 
opening chapter justified the need of undertaking this research in terms of useful body of 
knowledge it provides to supply chain community. This is followed by Chapter 2, which 
reviewed current literature by previous authors related to the topic of research. The literature 
used provides theoretical backing of the need to carry out the research. Chapter 3 deliberates 
about Research Methodology and Design. Chapter 4 presents the results of the research 
analysis and findings from case studies and survey questionnaires. Chapter 5 is conclusion, an 
interpretation or discussion of research questions in light of the existing literature and findings, 
and also further elaborate on the future research endeavours. This research is supported by 
Appendix 1 (articles published by the Student during his research), and Appendix 2 (research 
questionnaires). The articles published form part of some discussions in this dissertation. 
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Chapter 2: Literature Review 
2. Introduction 
This chapter has illustrated many concepts which are associated with supply chain supervision. 
The researcher reviewed past literature and used a systematic yet deductive approach for 
understanding various concepts. The researcher discussed disruption management, followed 
by concepts like the lean manufacturing of supply chains. This was followed by an evaluation 
of performance and supply chain metrics. Moreover, the researcher has discussed problems in 
supply chain administration and has discussed performance running with the help of some case 
studies. Furthermore, the aspect of transport and flow as a main component of the supply chain 
is also reviewed in this discussion. 
2.1. Disruption Management 
There is a rising need for disruption management in several organisations of South Africa and 
researchers have revealed a rise in supply chain disruptions. This research was based on 
classical models which have been implemented by the organisations. Disruptions are an 
important factor in organisational profitability, they can be seen as having a direct proportion 
to the success of the organisation. 
 
No organisation is immune to disruptions, for this reason, this section looks at research related 
to disruptions. Disruption management is rarely implemented effectively in an organisation 
(Ivanov et al., 2015). This has led to a major gap between concept and reality when it comes 
to disruption management in a firm. Sawik (2017) highlighted the concept of portfolio 
approach in disruption management of the supply chain. It is the view of this researcher that 
management of various organisations usually implements this approach in disruption 
management through risk identification and operations administration along the company 
supply chain. 
 
It was further highlighted by the researcher that one of the main approaches used by managers 
of supply chain regarding disruption management was a multi-portfolio approach (Sawik, 
2017). This was done by using mixed-integer programming in the organisation of supply chain 
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disruption cases. As per Namdar et al., (2017), managers of supply chain are known to apply 
the multiple-integer programming based on the scenario, in order to make decisions based on 
the situation at hand. This resulted in the achievement of supply chain resilience (as cited in 
Swain, 2017).  
 
According to Nel et al., (2015), disruption management may be defined as a structured and 
continuous process of conducting an analysis that identifies supply chain disruptions on the 
whole supply chain in the global market along with the strategies which may be implemented 
to overcome this in the scenario. It was further found that the 3R framework is often applied in 
the integrated framework of disruption management. This enables the management, to identify 
various risks related to supply chain network of the industry. Forty percent of companies all 
over the world are known to apply disruption management in their company operations. 
 
According to Choi et al., (2015), management board of companies have been known to apply 
active recovery in disruption management to recover hidden or lost data, which could challenge 
the delivery of services in an organisation. This has been noticed in cases of the airline 
industries of Africa where active recovery was used to see to the aircraft schedules, along with 
the control and management of air cargo of supply chain (Mabotja, et al., 2019). Disruption 
administration was applied in this industry to avoid cancellation of flights at airports and 
cancellation of passenger tickets. This led to the use of the time-band model and the time-space 
network model to see to the recovery of passenger information, and flight cargo details in the 
supply of services in the industry. 
 
According to the research of Kurapati et al., (2015), disruption management entails the 
monitoring of dangerous items in the production units resulting in the training of people 
because of the inadequacy in labour skills and the development of policies to avoid disruption 
in business due to a labour strike. This has been supported by Azghandi et al., (2018), where 
pharmaceutical suppliers have been known to implement the use of simulation-based analysis 
in the identified risk data to ensure proper application of disruption management in a supply of 
pharmaceutical drugs in the companies.  
 
Below are examples of some of the high level disruptions to supply chain. This just accentuate 
the importance of concerted efforts in managing the dynamism of the disruptions that affects 
organisations. 
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 Disruptions sources and vulnerabilities 
“Most companies excel with fire-fighting strategies, for example, if things go wrong they can 
react faster and fix it. Our wish would be for organisations to be better in dealing with other 
candidates of disruptions as they deal with fire” (Mapokgole & Mbohwa, 2012). The reality of 
the matter is that disruptions are costly to manage, which has an effect on the net profit of 
product and/or service and deliveries are more costly as a consequence.  
 
Disruptions may have many different sources. For the sake of this research study, they are 
categorised into three: 
1) Terrorism and politically- related disruptions, 
 2) Operational contingencies; and 
 3) Natural calamities  
 Operational Contingencies 
Operational contingencies include all sorts of systematic failures and malfunctions which block 
the flow of supply of raw materials, goods and services in an organisation. This leads to a major 
risk for the operations of the firm. This may occur when a company tries to derive its raw 
materials at a cheaper price from an unreliable supplier (as cited in Shen and Li, 2017). This 
may occur due to economic distress in the area. Load-shedding and employee disputes are the 
most common forms of supply chain disruptions caused by operational contingencies in South 
Africa. 
 Natural Threats 
Natural disasters, including earthquakes and hurricanes, are known to cause major loss among 
suppliers leading to supply chain disruptions. Some examples of these are the Florida series of 
hurricanes in 2004; the Kobe earthquake of 1995 and the earthquake in Taiwan in September 
1999 (Papadakis & Ziemba, 2001). One of the major natural threats which caused a supply 
chain disruption was the Great East Japan Earthquake of 2011 which led to a major blockage 
of the export of raw materials for products, leading Ford, South Africa to face major problems 
in the supply of automobile raw materials (Todo et al., 2015).  
 Violence and Governmental Unpredictability 
The World Trade Centre attack is known as one of most violent events in global history and 
resulted in supply chain disruption. This disruption in the international supply chain was caused 
not only through violence, but also governmental unpredictability. This disruption has been 
supported in an article written by Webb (2017) wherein it has been highlighted that there has 
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been an increasing trend of violence over the last decade to international supply chain 
management. Disruption of the supply chain in his case was violence, but disruption is not only 
limited to terrorism, but includes piracy, hijacking and smuggling, thereby impacting on 
countries globally.  
 
Recently, cargo ships and cargo aeroplanes have become a common target for attacks, and 
more prone to assault, arson and bombing attacks. Companies and several private organisations 
are threatened by terrorism resulting in the entire global supply chain becoming more 
vulnerable daily. This has resulted in supply chain disruptions proving to be both an economic 
problem along with political problem, leading to a further rise in the unpredictable activity of 
the government (Min & Min, 2016). Like East African countries, South Africa has difficulty 
in risk- supervision within the supply chain, especially where export and outsourcing activities 
are concerned. This results in a negative impact on the economy. 
 
The rise in governmental unpredictability often results in problems to risk identification of 
supply chain security in the logistics and outsourcing operations of the company and results in 
the blockage of supply, especially in the case of international trade operations. According to 
Min and Min (2016), governmental unpredictability results in vulnerability to a company’s 
supply chain and often results in management having to make strategic decisions  of their own 
therefore  ensuring the safety of their stocks in the supply chain value and their stability in the 
stock market. 
 
According to Scheibe and Blackhurst (2018), the spread of supply chain disruption has an effect 
on the magnitude of negative outcomes which some companies and industries face and may 
result in having a disastrous impact on the entire business operation of a firm. According to 
Brackhurst et al., (2011), even a small disturbance in the supply chain could lead to a significant 
loss for the company and raise questions on its survivability and sustainability (as cited in 
Scheibe & Blackhurst, 2018). This has resulted in several companies having to work towards 
the development of supply chain department flexibility. 
 
Disruption in SC has been on the increase in the last decade (Webb, 2017). This has led to 
problems in meeting deadlines and has resulted in logistics department taking longer to deliver 
raw materials to client companies. Researchers have analysed the data related to interruptions 
to shipments in order to understand the reasons behind such supply chain disruptions in the 
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economy (Behdani, 2013). The results have shown that companies are facing high risk of facing 
supply chain disruptions which results in unfavourable results in the economic performance of 
the organisation, which also results in them facing significant hike in corporal costs. 
 
Supply chain disruptions have taken place in various retail chains like eBay and Amazon due 
to labour disputes faced in the economy. According to Manners-Bell (2017), supply chain 
disruptions could lead to the destruction of inventory used in a company and, along with labour 
disputes and strikes faced by the organisation, could result in loss of earnings due to downtime. 
Because of this, Amazon experienced a loss of $180,000 and eBay faced a loss of $225,000. 
Such detrimental impact on business has led companies to develop a resilience supply chain 
management model for their respective companies. This has further raised the bar of the 
importance for robust supply chain running and organisational supply chain risk analysis in 
case of disruption. It cannot be forgotten that the main reason behind supply chain disruptions 
is an operational contingency, followed by labour disputes, governmental unpredictability, 
violence, and natural threats. This often leads to delays in delivery from even the most 
responsible supplier and leads to these companies that have a high rate of supplier 
dependability, to face risks in the economy. 
 
2.1.1 Lean Manufacturing for Supply Chains 
Lean Manufacturing is considered as the most crucial method that is being implemented in the 
market to get an edge. This can be understood by breaking the two words. Lean refers to the 
procedure of waste minimization which is utilised without hampering or causing any loss in 
productivity (Zhang et al., 2016). Lean manufacturing philosophy provides an organisation 
with an edge in the market. There is an increased awareness and use of Lean manufacturing in 
different aspects of the Industry. However, although the lean supply chain can be deemed 
efficient, this method is considered to be extremely fragile and can cause significant damage 
to the process of supply chain. Disruption of the process is when there is a loss of productivity 
for the organisation and the repair work to rectify this is costly. 
 
Continuous improvement is increasingly becoming a hot topic for SC. The task of 
implementing management tools for supervising and improving supply chain presentation is 
becoming very difficult. However, the different methods used in running the supply chain both 
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internally and externally assist the organisations to understand and implement the changes 
required (Morgan, 2007). 
 
Another concept of the international supply chain is used to investigate the trade relations 
internationally and the demographic fragmentation of the supply chain along with Value 
creation. This project upholds the various key undercurrents along the global supply chain and 
its effect on global production.  
 
Various other factors are analysed: 
1. The comparison of making global value chain stronger and value creation among South 
Africa and countries like China; 
2. The crucial role global supermarkets held in the agricultural food supply chain and other 
products; and  
3. The economic crisis of 2008 led to the shift of end markets of the value chain and 
disrupted economies.  
  
Refer to section one (1) for the main objectives of this research study. Due to a broad scope 
considered here, the introduction section is divided into different categories that highlight 
and/or introduce the main issue. This section is ordered as follows: introduction/background 
on supply chain performance metrics, management of production disruption through visual 
principles. Enterprise Resource Planning (ERP) is being analysed as well as, reliability 
engineering on supply chains and the effects of geography on supply chain allies. All this is 
coupled with questionnaires from supply chain community. 
  
Lean mechanisation in the supply chain can provide insight and help not only managers, but 
also the workforce to deliver value more quickly and reliably as possible. For this reason, we 
also consider performance metrics as an element of discussion in this research. 
2.1.2. Performance - Measuring Systems 
The majority of the papers published which analyse the supply chain have been conceptual 
rather than fieldwork-oriented. There is insufficient field study that surfaces in the metrics 
referred to be able to evaluate the progress of supply chain and the literature review confirms 
this. However, detailed analysis can be found on the supply chain measures, which are mainly 
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based on literature or conceptually-based. The following part of the literature review revolves 
around two main groups; 
 
a) Performance models; and  
b) Performance metrics. 
 
2.1.2.1. Performance Models 
According to Kaplan and Norton (1992), explanation of this performance model is a 
representation which shows the relationship with the balanced scorecard. Along with the help 
of the cause and effect relationship model, it explains the four dimension of performance. This 
model has been recognised as a measurement tool which can used successfully as a 
management tool in order to clarify, translate and plan into intended and calculated objectives. 
This is crucial in an organisation as the managers develop an individual strategy. Performance 
models can be used to converse and tie the objectives and metrics of the association. This 
procedure of setting up targets and connecting planned objectives is termed as the ‘balanced 
scorecard’ (Kaplan & Norton, 1992). On the contrary, critics like Neely et al., (1997) stated 
that this form fails to explain the strategic advances of the competitors. 
 
Different techniques are implemented from time to time to understand the process. Both Kaplan 
and Norton (1992) and Senge (1992) use the ‘linear cause and effect’ relationship technique, 
although they differ in that the former uses the linear model while the latter employs the circular 
loop model. The technique of closing loops challenges the people’s notion of 
oversimplification of relationships. However, the process of linear cause and effect has been 
seen to become more popular. More financial gains mean reinvesting the profit in business. 
The idea of reinvesting the profit in the linear model is gaining attention. However, people are 
more likely to invest the profit in various other activities such as rewarding employees and 
investing in making more innovative ideas. The idea of the profit as a motive has been rejected 
and the incentive is being seen as achieving success.  
 
The models discussed above have the same role which is to understand the mechanism of the 
business. The models provide an option for communication among different links. However, 
sometimes they become too complex and there is a need for simplification in order to provide 
a solution to the basic dilemma of increased productivity and this suggests adopting the least 
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obvious method. These models revolve around the factors of how to increase the profitability 
of the organisation by removing obstacles which can be achieved if the resources are spent on 
removing obstacles such as increased allocation costs where the processes of allocating 
resources to the promotion are minimised. 
 
Supply chain performance is improved by measurement of the SCOR model. The Supply Chain 
Council (SCC) has developed this model. This is an independent non-profit organisation which 
classified the model into the five main postulated processes into, namely, Plan, Source; Make; 
Deliver; and Return (APICS, 2017). These process is succinctly discussed below: 
 
 Plan 
It is concerned with planning processes that ensure evenness and equilibrium situation between 
supply and demand in line with business strategic goals and objectives. This is where master 
schedules are created, establishment of functional relations between suppliers and customers 
to schedule production in order to meet the customer demand, in accordance with limited 
organisational capacities. In most cases customer creates production schedule and share with 
the supplier, and supplier plan his production outputs in accordance with customer production 
start dates. 
 Source 
This is about processes to acquire goods and services in order to meet customer demand. 
Quality of the service or material being procured is of the utmost importance, together with the 
lead times. For this reason, supplier framework agreements exists for customers and suppliers 
to agree on the level of quality required for deliverables, this may also include a clause of 
acceptable level of quality. It is at this stage where companies have control of storage costs, 
whether to acquire and keep safety stock (storage costs), or for vendor to deliver just when 
components are required for production (JIT with no storage costs).  
 Make 
In this process raw material is converted into a product (or value). It’s an important stage in the 
process as it decides on the quality of the product, which drives customer satisfaction. Quality 
standards are required to meet the levels defined in the supply framework agreement.  
 Deliver 
Once a final product is available to fulfil the customer demand, products are planned for 
delivery. Deliveries are planned and executed in line with actual client orders, as per order 
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portfolio. Companies have opportunity to control logistics costs at this stage, if not discussed 
and finalized in ‘Source’ stage. Exception will be ex works incoterms where the buyer bears 
the costs related to transport. 
 Return 
The last phase is about returnable goods, for any reason. In most companies, after sales support 
is responsible for this stage of the process. Turnaround time to respond to customer 
dissatisfaction can be seen as a competitive advantage. Notwithstanding the fact that every 
organisation wish on delivering 100% quality products, exceptions will always be available 
(deficient products). Because of this, it is necessary for organisation to develop a system that 
will efficiently manage the process of customer returns.  
 
The process encapsulates the different sectors of the business process such as re-engineering 
and measurements of procedure into an important structure and every process is further 
subdivided. These subdivisions are divided primarily into a configuration level and then it is 
divided into the process level. The final level is where the companies define the scope of SCOR 
model limits. The significant measure is defined for all processes and organisations and 
updated information about their performance is provided. In return for this, a benchmark is 
provided to the organisation which indicates to them where they stand in the comparison index. 
Individual performance of the organisations can also be analysed. This model is extremely 
crucial because it provides a model that demonstrates an opportunity to observe how well an 
organisation is performing and provides a template of reference and a common platform with 
the same set of the language of the supply chain.  
 
2.1.2.2. Performance Metrics  
A supply chain that is well crafted can increase the scope of gaining profitability for a company, 
which leads to the acquisition of competitive advantage amongst the peers. This is only possible 
when processes across different companies are aligned to target the market segment having the 
most profitable potential. Further, obtaining competitive advantage can provide benefit with 
differentiated services and lower its costs. However, being deficient in metrics in supply chain 
can result in failure for a company to meet customer demands and optimal performance level 
of the company. Therefore, the goal of outperforming rival companies is also missed because 
of supply chain conflicts. Consolidated efforts by researchers and practitioners of supply chain 
address this limitation to provided better strategies (Chang et al., 2007; Kim & Oh, 2005). 
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Factors contributing to these issues are complex metrics, capturing process across companies, 
sharing of information, decreased performance of suppliers and so on. Nevertheless, absence 
of developing and designing approaches to measure metrics can be considered as one of the 
key factors in decreasing supply chain presentation. Metrics that focus on primary and internal 
financial measures including leading time, time-bound delivery and related performance are 
most common among companies across the world. However, some financial aspects that 
evaluate performance and measure financial performance lack insight into supplier as well as 
customer performance (Chang et al., 2007). Nevertheless, the unified model can address the 
measurement of the chain. However, these metrics are limited as far as measuring the end 
results are concerned and lack the instrument to measure the process and reason behind the 
failure related to shareholder value and customer satisfaction for companies. 
 
Performance measures for supply chain include cost-benefit, profit, inventory, customer 
satisfaction etc. (Chang et al., 2007; Kim & Oh, 2005). In addition, internal performances are 
mainly measured with performance metrics (Lambert & Pohlen, 2001; Barrat, 2004). 
Improvement of supply chain efficiency can be attained with information concerning the 
supply chain. In addition, collaborative performance systems include three cycles that can 
progress towards operational improvement (Simatupang & Sridhara, 2004). Performance 
metrics for collaboration of supply chain is more important when compared with supply chain 
performance. 
 
SCM performance metrics have no definite set of metrics that are readily accessible to the 
members of the supply chain for them to quantify improvement in SC at all the stages of 
teamwork. Therefore, this research highlights specific metrics used to measure supply chain 
performance while collaborating with both supplier and buyer perceptions. Therefore, a 
conceptual paradigm can be proposed in this study that measures the supply chain performance 
collaboration during the stages of partnership, whether initial or advanced. With reference to 
present literature t on the measurement of supply chain increase and collaboration, we have 
generated a conceptual framework in relation to performance metrics. 
 
In closing this survey of the current literature, it can be suggested that a development of a 
unified approach suitable for case study companies is required. Therefore, this study aims to 
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address such shortcoming by framing a model that will be suitable in assisting the companies 
in the management of the value of a supply chain system. 
2.1.3 The Impact of SCM on South African GDP 
 
By the late 1980s, industries of South Africa had contributed 60% of GDP cost (Stats SA, 
2013). Furthermore, surveys stated that forty percent of product of gross domestic was used on 
distribution and logistics linked to work (Departmental of Trade and Industry, SA, 2013).  
Figures state that supply chain in national economies has been similar in other countries.  
Supply chain activities can be managed with modern technologies like lean production, Kaizen, 
total quality management, and a computerized improved enterprise resourcing preparation-
plan. The supply chain management (SCM) concept currently is used predominantly by the 
majority of innovative approaches in development of procurement, purchasing, and other 
business operations. In the operational section, SCM depicts the function involving buying 
goods, seeking goods, distributing and storing goods. On the other hand, at strategic level, SCM 
help in transforming the method of non-manufacturing and manufacturing companies to 
operate with growing discipline. 
 
The development and growth of SCM is driven by internal motives and measurements as well 
as external factors like reducing barriers in international trade, increase in globalization, 
governmental regulations, environmental concerns and improvements in availability of 
information. For it to regulate the movement of information, products, and other business 
materials, supply chain integration is embedded in operating systems. This type of flow-control 
is evolved with the activity system and inventory control while scheduling the whole range of 
time constraints and resources. To overcome supplementary control, the operating system in 
the company is processed for strategic objectives like board competitive of quality, 
dependability, lead time, flexibility, durability and cost. 
 
In order to improve the supply chain system, controlled and well-defined process is mandatory. 
Human resources and substantial finances have been depleted when implementing SCM 
principles in order to gain benefit. However, lack of reliable approach has been noticed when 
measuring the supply chain systems. Furthermore, SCM consulting companies have been 
selling solutions which enable companies with an aim of improving performance of supply 
chain (Wingerd & Seiwald, 1998). Therefore, the following questions arise: 
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● Importance of measuring supply chain system; 
● Approaches for measuring supply chain system; 
● Factors that influence the performance of measure metrics; 
● How to set performance targets? 
● What approach will help to start company? 
● The responsibilities of vendors in order to support SCM performance management. 
 
Moreover, manual uses lack the benefit of empirical study when studying SCM performance.  
As far as research background is concerned, performance in SCM has been discussed together 
with the available empirical and literature analysis with some level of objections together with 
concluding remarks. Additionally, a different unified framework is needed in order to develop 
SCM metrics in the performance of the supply chain process. Therefore, the above factors are 
evaluated later to shareholder value in the eyes of most researchers (McKay et al., 1989). Most 
researchers close an eye to this fact (McKay et al., 1989). Supply chain metrics are discussed 
below.  
 
2.1.3.1. Supply Chain Metrics Defined 
The metrics of a supply chain can be denoted as measurements for the process of the 
implementation of the business supply chain. Organisations may use the metrics of supply 
chain for tracking this measurement as well as the levels of progress in achieving l their goals, 
which also include strategic business planning. In general, the business metrics are referred to 
as the measurements of the components of business. Along with this, it can be said that the 
metrics of supply chain focuses on every area of progress levels of a business. Other types of 
supply chain metrics generally focus on shipping, inventory, customer service, transportation, 
and warehousing. 
 
Other types of metrics such as inventory accuracy and backorder reporting can assist companies 
on ensuring that physical materials as well as products arrive at the exact destination. Balanced 
scorecards (Kaplan, 1992), which is a type of metrics, should be able to guide the organisation’s 
integral goals for the business metrics like benchmarking and could be applied by organisations 
in order to compare the progress levels of ownership. This could be applicable to sales as well 
as for the marketing divisions. 
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The metrics of the supply chain, as well as the management of the overall supply chain of a 
company, have a lot to do with the characteristics of the company. In the case of a garment 
store supplier, for example, the retail supply chain can be different in order to increase the 
enterprise of the service. Actually, the consultant of the company has to view the bigger picture 
of the business in full consideration of the supply chain in the respective market. These metrics 
have provided an improved observation that can help the company to achieve its goals and 
objectives. 
2.1.4. Visualising SC Dashboards: Best Practices 
 
In today's industrial field, the chain of supply plays an important role by making it complex 
and longer. Problems in the supply chain have become more common and this trend is 
increasing daily. According to WEF (World Economic Forum), certain hazards in the supply 
chain decrease the value of the share of the company by approximately 7% (seven percent). 
The best way to monitor performance is through a “dashboard”. Take dashboard for an 
automobile for instance, dashboards monitor “live” events/metrics that can change at a 
moment’s notice. For example, if engine is overheating, then a driver should be monitoring 
dashboard or else they run a risk of severely damaging a car. Another example is that of a 
gasoline, a regular monitor of a gasoline gauge should help the driver not to run out of gas. 
Likewise, in business, if companies’ daily KPIs are heading to a wrong direction, then 
companies identify that as an issue for consideration, then they should continuously monitor a 
dashboard to make correct decisions in order to get to the root of the problem before it turns 
into a crisis.  
 
It is necessary to analyse the main causes of supply chain shortcomings that have created 
hazards in the past. In the afore-mentioned cases, the work of the gauges functions in the same 
way as the measurement of the current performance such as speed of delivery and display of 
the value that uses a scale in order to help the user to determine the competitive performance 
of the system. In this context, the web dashboard is characterised by the predefined target and 
is also capable of analysing the values within the context. For example, if the value is shown 
as 120 km/h, then a speedometer has to be constantly read for it to keep to this speed. In the 
analogy of the driver, it is extremely difficult to analyse the way the driver drives the car. 
Added to that, the optimum speed of any vehicle has to be analysed. With the help of a KPI, 
one is in position to analyse the context and information such as the current position of the 
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metrics as well as the target. Part of the research is to generate the concept of the dashboard of 
the supply chain. 
 
2.1.4.1. Performance Dashboard Defined 
The ‘dashboard’ is as important as the screen as it contains the performance graphics. The 
dashboard is the system of the business information that generates the data and the intelligence 
of the business and is very significant when considering the background of a plain scorecard 
and dashboard (Eckerson, 2005). The scorecards are the simple mechanism of the visual 
displays that deliver the information of the performance in a simple way. On the other hand, 
performance of the dashboard gathers the application, rules, and data that control the view of 
the user on the screen because it is an indicator of progress. 
 
The performance of the dashboard is run like the management system that monitors the system 
and performance that generally deals with the objectives of the communicative strategies and 
that helps the business owner to measure the key procedure and activities in the context of 
achieving the goals. In this sense, a dashboard contains three main component areas such as 
management, monitoring and analysis (Koch et al., 2006). The entire component that is related 
to the delivery of the function has been divided into these multiple sub-components. 
Monitoring generally conveys the critical information in a brief view by using relevant data 
and time in the form of a graph.  
 
The application of the analysis assists users to explore and analyse the data as well as the 
performance from multiple dimensions. In addition to that, the different level of the analysis 
can help identify the main causes of the issue as well as the problem. The management of the 
application fosters the conduct and the communication among the staff, managers and business 
executives. In addition to that, it also initiates a feedback process in the context of the critical 
activities and helps the executives to move in the right direction. Data visualisation is the 
method that conducts the data consolidation in the form of illustrative and collective graphics 
and is generally used in qualitative work and can also be used to conduct quantitative work, 
Koch et al., 2006. An example of qualitative work is info graphics. 
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2.1.5. Management of Production Disruptions through Visual Principles 
 
JIT is adopted by most companies as a manufacturing technique as it has been successful in the 
past. The basic part of the strategy is based upon the Japanese technique in the name of Lean 
Manufacturing. Industry has recorded impressive results using this technique. Lean 
manufacturing, as well as JIT, was developed, used and perfected by Toyota for 40 years. The 
question is how can we expect to stay ahead of the game by adopting a technique that is 40 
years old? In recent times, a number of companies have faced challenges regarding competition 
have used a strategy that is more powerful named QRM (Quick Response Manufacturing) that 
has reduced the time taken in SC (Tubino & Suri, 2000). This method has addressed all the 
important aspects of the production process as previously highlighted. QRM leads toward time-
reduction, low cost, quality improvement, and quick response which improves delivery time. 
These techniques are discussed in detail below. 
 
2.1.5.1. Cycle Time – The Production Rate  
Process cycle is the absolute time passed between customer order and when it is delivered and 
assists in the management of the organisation’s assets and at the end of the day, suggests the 
creation rate in the organisation and considers all economic factors (Tangen, 2004). Utilizing 
various lines to deliver similar items makes the composite process duration to be less than the 
real time used by any single line. 
 
2.1.5.2. TAKT Time – The Demand Rate of Production  
According to Mierzejewska (2002), TAKT time was originally designed to define music beat 
together with its practical elements including musical rhythm. TAKT is used to define the pace 
of production line and seeks to match the speed of production line with the placed orders or 
customer demand. Rother and Harris (2002) claim that the TAKT time is calculated by dividing 
the total time set to produce a certain batch of items with the total number of the product’s units 
that must be produced in line with the contractual date. Although it appears simple, it could be 
complex when taking into account different staffing levels especially in the case of shifts, 
random disruptions, or staggered breaking time. Varying product mixes have different TAKT 
time. 
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TAKT time mathematical formula is as expressed below:  
           (2.1) 
T equals the TAKT time; while Ta refers to the net time available for work (It excludes any 
expected disruption time such as team briefings, or planned maintenance, break time, etc.). On 
the other hand Td represents time demand (the daily units demand). 
Available time constitutes the total shift time minus meetings, breaks, as well as other 
administrative time spent out of work. Mathematically, it can be expressed as follows: 
          (2.2) 
Where: Tt is the total time available; D is any form of disruption (planned or unplanned) 
TAKT time expresses the customer demand as regulated and levelled across the total 
production time. However, it cannot be used to signal the actual customer demand because the 
clients do not place similar quantities every time they place their orders. Incidentally, customers 
place their orders depending on their demand for certain products, and not due to the 
availability of the production machines (That is; they can place continuous orders regardless 
of the suppliers’ machines being available or employees being on break.) The TAKT time 
indicates the customer demand level throughout the working time.  
 
2.1.5.2. Heijunka – Production Levelling  
The production industry relies on various systems including the Heijunka, to assist in the 
manufacturing process. According to Rother and Harris (2002), Heijunka refers to the process 
through which manufacturers’ level out the actual production flow. It is an important system 
because it enables the scheduling of the production process therefore allowing companies to 
focus on smaller but manageable quantities to ensure that similar products are released from a 
single production line. The integral concept behind Heijunka is to ensure quality production. 
The idea states that mass production could lead to the emergence of flaws among some of the 
produced products. In addition to these parameters, techniques discussed above will not be 
considered to be complete without any form of economic measure and, for this reason, we 
introduce an element of economic perspective as it applies to the production schedule. 
 
 
d
a
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2.1.6. Measuring Schedule from Economic Perspective 
 
For businesses to succeed, they should constantly evaluate themselves and strive to improve 
their business dimensions. For this to be realised, metrics acts as an important function in their 
assessment. In this case, the metrics are the cornerstone of business improvement. However, 
evaluating a re-engineering effort, based on monetary dimensions is highly challenging. 
According to the study by Holmberg (2000), many executives believe that there is no consistent 
and reliable methodology with which to measure their companies’ re-engineering benefits. 
Markedly, with well-planned metrics, it is possible to mitigate this problem. Metrics are the 
standard measures to evaluate a company’s progress in a given economy. They are the 
backbone of a better, customer-oriented process supervision program and a system for 
continuous growth. Focus on performance standards and customers appears in the form of 
measures used to evaluate the ability of companies to satisfy customer needs while 
simultaneously meeting their own business objectives. Holmberg (2000) further advice that 
companies should assess their financial performance right from their first operation, as this 
ensures that all operations perform optimally. Logistical or supply chain scheduling has been 
used by various business organisations to assess their performance through varying metrics. 
That is, productivity, while emphasising the quantity of output. SCS is referred to in this 
research as ‘production scheduling.’ This research project recommends a novel strategy for 
optimising the performance of companies based on an economic perspective. 
 
The current research measures the performance of production scheduling based on ‘opportunity 
cost, which is the cost of any task measured in terms of the benefit of the next best declined 
alternative. The opportunity cost is either implicit or explicit. It is a major economic concept 
used to imply the essential relationship between choice and scarcity. The idea of opportunity 
cost ensures scarce resources are utilised efficiently. In the later sections of the paper, it will 
be seen that opportunity cost is not limited or restricted to financial or monetary costs, but also 
lost time, lost pleasure, the forgone real output cost, or any other valuable benefit lost. 
 
Cost of Production: demand and supply are key terms used in economics. They are considered 
as the forces that drive marketplace economies. 
What are the Costs? Based on the supply-law, companies are not only created, but also put up 
for sale when the cost of a given product is too high (Gittins, 2014 & Coe, 2008). The supply 
curve of this law is upward-sloping. Any company focused on this concept aims at maximising 
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its bottom line. Profit describes the bottom line, which is what remains after deducting Total 
Cost from Total Revenue in which: 
Total revenue is the money raised from output sales 
Total cost is the market worth of the resources or inputs used in the process of 
production. 
 
2.1.6.1. Opportunity Costs 
The cost of production in any company describes the opportunity cost of producing its goods 
and services. It includes both explicit and implicit costs. The implicit cost refers to the input 
costs when a company should undertake a direct money outlay; the explicit cost does not need 
direct money outlay (illustration, Fig 1). This concept is considered an economist perspective. 
An accountant would view the implicit and economic profit as accounting profit. 
 
 
 
 
 
 
 
 
 
 
Figure 1 Revenue and opportunity costs relation 
 
2.1.6.2. Scheduling Problem classifications 
Initial moves towards solving a problem involve understanding its associated dynamics. With 
regard to general paradigm production scheduling, issue is considered as the production 
requirements, as well as process structure, and scheduling objectives. This criterion is discussed 
below in order to understand different company configuration or layouts better. 
 
2.1.6.2.1. Production Requirements  
In realm of business, a company is described as an open or closed shop configuration. The open 
shop involves orders from a customer which triggers the process of production. Finished goods 
Economic income 
 Implicit Costs 
Explicit Costs 
Costs of revenue  
Entire Opportunity Costs 
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are sent to customers without being stocked. Meredith (2007) referred to this concept as MTS 
or “make-to-order”. The open shop is used mostly during short-term scheduling. Furthermore, 
it is mostly applied by companies that produce large quantity of low volume, but high value- 
added goods. Closed shop uses the cyclic operation concept to satisfy customer orders through 
inventory products. This mode of operation allows production lines to produce goods in batches 
using a similar sequence within a fixed length time period. Notably, the need to refill inventory 
ignites production. The scheduling decision entails identifying the operation sequence and 
batches in order to realise a particular objective. 
 
2.1.6.2.2. Various cost measures  
Cost of production is classified as either fixed or variable cost. The set costs (TFC) do not bring 
any change in the quantity of goods manufactured. On the other hand, the variable costs (TVC) 
do change with the amount of goods produced. Based on these parameters, the total cost of 
production (TC) is the sum of the fixed costs and changeable costs, that is, TC=TFC+TVC. On 
a different note, average cost is attained by dividing the total cost with output quantity. 
However, Gupta (1969) states that the variable costs make it challenging for businesses to 
calculate total opportunity cost.  
 
2.1.6.2.3. Process Structure 
This decisive factor accounts for the process complexity and, in particular, the number of steps 
used (Das, 1996). More importantly, it addresses the configuration of each task’s process units. 
The processes are classified into single-unit process, serial unit, parallel unit, and general 
serial/parallel unit. Figure 2 depicts these configurations. This is because of the fact that data 
is collected from different types of company configurations.  
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Figure 2 Process Structure – Factory Layouts 
 
This discussion would not have been completed if “deterministic and stochastic states” are 
discounted. Supply chain system can either be deterministic or stochastic. Because of the 
importance of these situations, we discuss these SCS specifications below. 
 
2.1.6.2.4. Deterministic vs. Stochastic  
Other criteria for classifying a problem encompasses scheduling the environment and the 
nature of the requirement specification. The latter is either stochastic or deterministic. 
Deterministic process entails situations in which the following state is solely determined by the 
current state, whereas, stochastic process involves non-deterministic behaviour, in which the 
current state does not fully determine the next environmental state (Werndl, 2011). For 
example, uncertainty and variability is a common occurrence in batching environments. On a 
different note, scheduling environment is either dynamic or static. In a dynamic environment, 
the problem depends on the known requirements including the necessity to accommodate 
future changes that could occur within the scheduling horizon. The specifications and 
requirements in the static environment do not change. In a real setting, the scheduling problem 
is dynamic as well as stochastic at the same time. Nonetheless, most published research 
considers the scheduling problem as static, thereby failing to account for the practical 
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circumstances in which disruptions may occur. This aspect may be caused by the inherent 
complexities common in stochastic behaviour. 
 
2.1.7 Factors affecting Supply Chain Management 
 
In this section we will look at key factors that affect supply chain management, i.e., presence 
of ERP systems on SCM, reliability engineering on SCM, corporate performance measurement 
with respect to SCM and its impact on the national gross domestic product. 
 
2.1.7.1. SCM and ERP Systems 
Organisations that have actualised undertaking asset arranging (ERP) frameworks have 
complained that such a framework is excessively expensive, tedious and dangerous, so it is 
uncommon that associations view these approaches when using venture programming to drive 
advancement. ERP usage without the correct mastery and direction can be hard to execute. For 
example, most projects result in over budgeting: taking more time than expected and/or failing 
to produce the expected core benefits of businesses. It is a known fact that challenges of 
implementation are associated with people and organizational process issues and not to 
expertise. With this background, most organisations still struggle with implementations of 
enterprise resource planning systems (Hendricks et al., 2011), let alone implementing ways of 
realising ‘innovation’. There’s a vast amount of literature available concerning ERP systems, 
all of which are interrelated, and, so far, what will differentiate future ERP’s with current ones 
is innovation. One of the reasons for failure lies in the complex nature of enterprise resource 
planning project itself. They are mostly managed by leaders of the back-office functions and 
are not typically part of the leading edge of technology and supply chain systems. What factors, 
then, are considered when formatting how best to incorporate innovation into the ERP system 
setting? 
 
Modernisation should begin with a usage staging methodology. In the event that advancement 
is high on a rundown of expected business benefits, which should con-incidentally be the 
situation, execution ought to be staged so that it gives the organisation sufficient opportunity 
to concentrate on increasingly creative business forms. Unlikely time periods advance 
execution since they propel the group into a receptive mode as opposed to urging the group to 
concentrate on streamline the existing system. It is similarly pivotal to ensure that take-off 
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procedures adopt a gradual strategy to give the undertaking group time to utilise all forms. This 
incremental approach may mean phasing the roll-out more gradually through geography, 
production process, software component or all of these. All of these should be based upon a 
solid innovation, well-crafted scientific algorithms that should represent a real world 
phenomenon and promising outcomes (Levinson, 2006). 
 
Businesses embarking on ERP implementation should think of the requirements of business 
definition and development of ERP software. Hendricks et al., (2011) further demonstrate that 
the traditional waterfall development approach to ERP implementations is not conducive to 
innovation, flexibility and responsiveness. Rather, this school of consideration proposes a 
direct and successive methodology where necessities must be completely characterised, the 
framework completely tried and the association completely prepared before running with the 
new ERP arrangement. Clearly, this methodology has a few benefits (Hendricks et al., 2011). 
However, it is less adaptable than the more modern advancement approach like co-ordinated 
improvement. Indeed, even new companies are adapting to more adaptable ways to deal with 
business. ERP execution groups ought to gain from these approaches to create conditions that, 
whilst they are not completely at the ‘go-live’ stage, they can still react to impending 
developments and enhancements. A more universal approach becomes a requirement when 
developing ERP systems, i.e., an ERP system may benefit one company, while similar benefits 
may not be used by another company and this is due to a stereotype approach when developing 
such systems. One of the most serious issues with ERP frameworks has been that their usage 
is fatigued to the point that they discover the end goal of go-live without pondering how to 
utilise the framework to improve in the long run. Post-usage reviews are one approach which 
can enhance big business procedures and drive positive results which realise the inherent 
potential to recover constantly and to advance long after the equalised framework has been 
utilised. 
 
It is significant for the ERP framework advancement group to recognise that ERP frameworks 
on their own don't make developments. ERP proponents will probably differ from this. 
However, the innovation when isolated won't realise development. In spite of the business 
publicity surrounding accepted procedures, pre-configured arrangements, these industry 
fantasies will, at best, help influence an execution to go more smoothly and quickly. Innovation 
won't advance inventive business procedures or cultivate a culture of advancement - just the 
association and its authority can do that., Therefore, it is important that associations see ERP 
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frameworks as just one of many potential empowering influences of development as opposed 
to a ‘quick fix’ to settle the business' difficulties. Basically, organisations should be adaptable 
when utilising ERP frameworks when attempting to drive advancement and this may require 
usage of strategies that run counter to conventional reasoning. This method of reasoning may 
expect associations to survey the trade-off between an increasingly versatile and less flawless 
method versus the more organised methodology. ERP systems lie at the heart of organisational 
performances and play a vital role in shaping the future of the organisation and its profitability 
(Hendricks et al., 2011). ERP innovation has been identified as one of the enabling drivers for 
supply chain profitability. This will now be discussed in greater detail.  
 
2.1.7.2. Reliability Engineering on SCM Systems 
Reliability can be seen as the probability that the same results will be produced at a later stage. 
A reliable supply chain system is a resilient system; a system that is robust and able to respond 
flexibly to various situations. Reliability engineering principles are used for the betterment of 
the overall supply chain systems. Supply chain challenges and/or problems (those that cause 
the system to be unreliable) can cause problems for the reliability of a supply chain 
manufacturing system which is an aspect that leads to considerable losses, including, among 
others (Mapokgole & Mbohwa, 2014): 
 Sales loss; 
 Late or non-delivery penalties; 
 Warranty costs related to materials defects;  
 Marketing costs to replace lost customers;  
 Brand value/market reputation erosion costs; or  
 Forced suboptimal product mix, which fails to maximise profits, etc. 
 
Reliability in this context, identifies with a factor that is moderated by contemporary supply 
chain. For a few supply chains, travel time (the period merchandise spends in the travel between 
source and delivery) can be an auxiliary factor as long as shipments gets to the delivery point 
within the allotted time and this depends on the assumption that shipments are ordinary and 
dependable. Subsequently, the absence of unwavering quality turns into a compelling 
component for viable supply chains. The functional and geographical integration of cargo 
delivery are policies to manage indecisions resulting from spatial and business disintegration 
(Rodrigue, 2006). The higher the vulnerability, the less solid and the more expensive cargo 
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appropriation is. Among the most widely recognised aspects of vulnerability are limit 
requirements, clog and vitality costs. Accordingly, dependability standards are additionally 
utilised to help when handling worldwide inventory network issues like those of problematic 
supply chain frameworks. 
 
2.1.7.3. SCM on Gross Domestic Product (GDP) 
According to Stats SA (2012), forty percent of GDP is utilised in activities related to logistics 
and distribution. These statistics stress the significance of supply chains in the global economy. 
In South Africa, it is not clear from current literature as to the impact that supply chain systems 
make on the national gross domestic product. We can only base our assumptions on global 
scales.  
 
Businesses deal with each progression of the supply chain to ensure that it is the most 
proficient. Accordingly, numerous organisations redistribute occupations to nations like China 
that have a lower average cost for basic items. By 2013, Asia represented 26.5% of worldwide 
assembling yield of items that are a piece of the production network. China was in charge of 
half of world-wide middle yield (for additional information, see The Economist, 2015). 
 
Numerous companies vertically co-ordinate the overseeing of the supply chain network. This 
gives organisations more control of the production process and expenses. An extraordinary 
precedent is Apple, which keeps up its high structure gauges through vertical integration from 
product planning throughout to retail (Brickley, 2012). This gives the organisation an 
advantage in that it has an almost restraining infrastructure with regards to top of the line, 
inventive PCs, PDAs, and music players. 
 
2.1.7.4. Impact on the Economy: The Case 
Business decision-makers choose where to find the organisation that is dependent on creation. 
This has prompted a great deal of employment in India and China. As mentioned, catastrophic 
events can disturb features of the supply chain network which can affect worldwide 
development. In 2011, Japan's seismic tremor and resultant tidal wave harmed enough ports 
and air terminals to end 20% of the world's supply of semi-conductor gear and materials. 
Wings, arrival gear and other significant aircraft parts are made in Japan and the tremor upset 
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generations of Boeing's 787 Dreamliners (Thatcher, 2012). U.S. Gross domestic product 
moderated in 2011 as 22 Japanese automobile part plants suspended their production activities. 
 
The Supply Chain Management concept depicts an evolutionary and advanced state of 
procurement, purchasing, and other related supply chain tasks. Within the operational level, 
SCM emphasizes on various functions, most of which began in the early days of commerce 
introduction in the world such as looking for goods, buying, storing, as well as their distribution 
(Hendricks, 2003). At the strategic level, the paradigm is relatively new but it is a rapidly 
expanding discipline, which is changing the way production and non-production activities 
work. 
 
The notion of supply chain management signifies the utmost highly-developed state in the 
evolutionary growth of purchasing, procurement and other supply chain related functions (Lee 
& Billington, 1998). At the prepared level, this presents to the forefront activities that are as 
ancient as business and commerce itself as far as looking for goods, buying them, storing and 
distributing them is concerned. Whereas, at the calculated level, SCM is moderately a new and 
advancing method that is changing the way that already built-up and non-manufacturing 
operates. 
 
The increasing acceptance of SCM is driven by both internal and external factors. A number 
of the external issues that drive SCM are beyond company’s control. Some of these include 
international trade liberalisation, enhanced information accessibility, government regulations, 
environmental concerns, as well as globalisation. In this case, SCM is crucial to promote the 
flow of materials, products, and information across different operating systems. This flow 
regulation involves inventory control as well as activity scheduling across different time 
constraints and resources’ range. In line with the inventory control, it is important that the 
business operating system tries to meet the broad strategic and competitive objectives of 
quality, durability, cost, flexibility, dependability, and lead time (Santos, 2000). Notably, 
control is equally as important as the regularly changing supply chain performance and 
customer needs. 
 
Human and financial resources have been used in executing integrated SCM principles, as 
reported in the literature. However, few benefits have been realised. Formal structures for 
evaluating the monetary effectiveness of the supply chain systems are yet to be formulated. 
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The main focus of related research is on quantitative performance metric (i.e., production 
output, line efficiency, etc., all expressed in terms of percentage). In addition, while SCM 
software providers are selling solutions that enable companies to obtain better supply chain 
performances (Tan et al., 2008), these same vendors do not sufficiently provide the tools 
needed to measure these deficiencies in monetary value. This limitation is addressed in this 
dissertation and, includes the findings essential to address the following issues and questions: 
 
 The importance of evaluating supply chain systems value (ZAR); 
 General mitigation metrics for assessing measurement of supply chain systems; 
 Factors that determine SCM performance metrics;  
 How to determine the SCM performance goal (quantitative and/or qualitative)? 
 How a company should start the process? 
 The role vendors play in fostering the success of the supply chain system assessment. 
 
Reduction in inventory levels also has a similar effect on GDP as it reduces in relation to the 
value of inventory levels. For example, in 2009, during the recession (Notteboom & Rodrigue, 
2009), we witnessed the plummeting of inventory levels which added to the reduction in GDP 
growth on top of lower consumer spending. In general, if a company is using cash savings from 
lower inventory levels to hire more employees or make capital investments, such transactions 
will have a similar impact on the national GDP. Unfortunately, such impacts, despite their 
importance, do not receive much attention from the researching community and are not directly 
monitored.  Outsourcing of operations means a local company closes a factory and moves low 
labour cost countries and the value of those imports are subtracted from GDP. Considering the 
current unemployment rate, workers who lost their jobs due to closed factories reduced their 
spending (at least for the time being until they find other employment) and this lowers GDP.  
 
Frameworks and negotiations on supply chain presentation measurements are found in the 
literature. However, empirical analysis on the impact of SCM on national GDPs is deficient as 
far as the interpretation of supply chain (SC) system as a ‘value’ is concerned (Mapokgole & 
Mbohwa, 2014). In this dissertation, which is a framework concept for formulating supply 
chain metrics in monetary value as proposed from SC perspective, starts with identifying the 
individual companies’ implication on the whole supply chain system. This is the case when the 
sum total of all companies operating in a specific country represents the total GDP. 
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2.2. Problems with Existing Supply Chain Systems 
Problems in supply chains can cause the system to be unreliable and can cause havoc in the 
reliability of the supply chain systems of manufacturing which can lead to serious losses that 
have critically affected the country’s economic standing. The performance management of the 
system is critical. However, according to Barker (1996), it was noted that some companies 
invest too many resources in this measurement, while others invest too little in supply chain 
management. This is made worse by various factors such as conflicting metrics, outdated 
systems, an overwhelming quantity of statistical data, and unreliable data (Barker, 2006). These 
situations ultimately add up to a critical situation, which can be manifested as follows: 
 Loss of future sales due to a damaged reputation; 
 Customer penalties that are not redeemed; 
 The additional cost of material defects; 
 Loss of customer leads to additional marketing cost; 
 Loss of brand value; 
 Lack of optimal product strategy to optimise profit; 
 Lack of ability to provide visibility into near-time data quickly; 
 Inability to manage the business through KPI's, analysis and report; and 
 The spreadsheet is highly susceptible to errors. 
 
Material from different studies is being used in the context of a need for SC performance 
measurement and a description in universal terms is being given as to the way it should be 
addressed. Attention is also given to the measurement systems and various approaches as 
opposed to the particular measure. The general rule is that, if the element cannot be measured, 
it cannot be constructed. Therefore, the supply chain must be quantified in the context of key 
performance and in the context of performance indicators as economic targets. Further, in-
depth research is being done on the key performance indicators.  
2.2.1. Typical Measurement Problems  
 
Important problems are highlighted in the literature review and are described in the following 
subsection coupled with practical cases. 
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2.2.1.1. Gap between strategy and measurement  
A persistent problem is the poor relationship between strategy and management. According to 
Adams et al., (1995), the existing measurement systems are not in accordance with the strategy 
therefore, they do not serve any purpose as far as the organisational strategic goals are 
concerned. This is to be expected when establishing the measurement system in accordance 
with the company goals. According to Eccles (1991), many organisations invest very little in 
the measurement and even the variables mentioned in the strategies are ignored which creates 
a gap, which ultimately leads to a misalignment between the measure and measurement 
activities that is focused on the working of the units and the organisation’s need and results in 
customer needs being completely ignored. This is the scenario supply chain engineering seems 
to address (holistic system amelioration). For example, an organisation pays very little attention 
to the detailed working performance of the employees .Each activity throughout the industry is 
governed including the shipping of the product. However, the organisations invest very little 
in knowledge of customer requirements or whether the goods reached them safely or on time. 
Because of this, there is a lack of communication between different divisions in the 
organisation and departments have developed their own customized parameters in order to 
understand the process. There is a provision of incentive-based reward, which is also 
established in the system. Therefore, it can be inferred that the lack of linkage between the 
strategy and measurement promotes internal attention. This ultimately emerges as an obstacle 
to the Supply chain management system. Moreover, it should be considered that, no matter 
how good the supply chain management system is, it cannot turn the losing strategy into a 
winning one. The shortcomings highlight the need for a new kind of measurement system. 
 
2.2.1.2. Financial metrics Biased focus  
A lot of companies rely a lot on figures of finance as key performance indicators (KPI’s), which 
are known to be better at exhibiting the results of yesterday's execution rather than that of 
tomorrow's execution. Cash-related estimations have filled in as instruments for seeing 
association's lead after some time and were considered as acceptable previously, but, today, 
this has changed. Today’s associations have more prominent commitment and cash-related 
information isn't pertinent to their decisions and budgetary estimations are less significant for 
proactive exercises. For example, what reaction can be taken to manage a situation when the 
report is simply available a couple of days after the event? Accomplishment in business today 
isn’t managed only by a strong hold-salary or meeting a budgetary spending plan. Making 
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capacities, competency in domains, for instance, advancement are generously increasingly 
critical, yet not successfully evaluated monetarily (Vitale & Mavrinac, 1995). Delineating the 
marvellous and self-motivated uniqueness of a Supply Chain in budgetary terms alone is 
regarded as insufficient, as it gives an improved point of view concerning the supply chain. 
Regardless of this, information based on accounting is a noteworthy activity in key 
masterminding and for checking cash-related results, in spite of the reduction of scheming and 
increasing activities at the operational measurement stage (Johnson, 1990). 
2.2.2. Cost as a single Supply Chain performance measurement  
Consideration of cost is among the many measures of supply chain analysis and is implemented 
in several models and scales. One such scale of supply chain measurement is the use of SCOR 
as a reference for the metrics performance in the supply chain (discussed in the previous section 
in detail). According to Bichou (2015), there has been application of cost as a measurement of 
management of supply chain in the case of exporting and outsourcing of ship cargoes and this 
has been used to monitor the supply chain progress as per the set benchmark regarding the 
supply chain activity in port duties. 
 
2.2.2.1. Too many isolated and incompatible metrics  
Information concerning processing costs in supply chain management often indicates that too 
many isolated costs are present in the performance management metrics. According to Elrod 
et al., (2013), too much information-processing in the supply chain management performance 
of the industry leads to isolated costs in the company and often results in a decrease in profits 
in a company. An example is the computer company of Dell, Inc. where isolated costs were 
found in the supply chain performance metrics of the firm. This resulted in the decrease in the 
performance of Dell, Inc. when it came to the supply chain management of the company. 
 
The rate and variety of isolated costs have increased with time and this has led to the use of 
heavy occupational power for result data analysis in the supply chain of the company and due 
to the lack of proper use of performance measurement metrics when it comes to the 
management of the supply chain of the company. Studies conducted by Baldwin and Clark 
(1992), and Reese (1998) found out that companies have used multiple users for the mitigation 
of too much isolated costing metrics in the market. Performance metrics in the supply chain 
applies mainly to the use of measurement of progress to ensure the use of on-time delivery and 
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lead times in the supply chain performance. Inventory turnover is one of the common supply 
chain performance measurement and is used when it comes to keeping a check on the isolated 
costing in the supply chain. It was found that some companies have a low rate of isolated costs 
due to their lack of inventory turnover. This was noted as far as global business was concerned 
in the supply chain performance of Walmart and Southwest Airlines. However, Mart and 
General Motors still struggled when compared to these because of their use of performance 
metrics (Edwards, 2016). 
 
The researcher has pointed out the inadequate alignment of costing in performance metrics in 
companies which is due to lack of governance in the application of appropriate supply chain 
performance metrics in the management of the entire supply chain network. This led to the lack 
in the implementation of cost resource and flexibility in the budget of the entire supply chain 
operations (Dolci et al., 2017). This further resulted in a rising in the rate of isolated costs not 
only due to inventory turnover but, also due to long periods of cash to cash-cycle-time and 
transactional costs incurred in export and the outsourcing of raw materials in the supply chain. 
It was only recently that researchers believed that supply chain only affected suppliers and 
customers. However, with more and more research being conducted on supply chain 
performance, it has been revealed that it even includes the aspect of the value of the supply 
chain and the perception of the clients regarding the value of goods and services supplied to 
them in this network (Dolci et al., 2017). This resulted in supply chain performance forming a 
vital part of any business. Therefore, disruption in supply could result from inventory turnover, 
which could have resulted in insolvency and the eventual bankruptcy of even reliable suppliers 
in the economy leading to economic distress and blockage in the supply of goods and services 
and a major reason for the lack of deadline achievement in the logistics and supply chain 
performance of a company. 
 
According to Fawcett et al., (2015), a rising rate of isolated costs may arise due to lack of 
application of related strategies in the supply chain management in a firm. This lack of 
application of strategies such as that of supply chain resilience and use of simple analysis in 
the supply risk management could result in financial risks for the company, which could result 
in supply chain disruption from the client company itself. This would lead to challenges in 
placing the orders and getting the raw materials on time. At times, management is known to 
take a business loans to ensure the achievement of supply chain targets in order to maintain the 
performance of the company, and achieve the targets set by the performance metrics of the 
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company (Fawcett et al., 2015). However, this only accelerates the increasing rate of isolated 
costs in the company, resulting in a risk of supply chain disruption in the performance of the 
firm. 
 
According to Tukamuhabwa et al., (2017), recent studies have indicated that there has been a 
rise in supply chain disruptions due to natural disasters and economic depression globally. The 
catastrophic effects of natural disasters like the earthquake in Japan in 2011, and the economic 
depression of 2008 resulted in major inventory turnover in several small companies. This led 
to a rise in isolated costs and a major gap formed between the actual supply chain progress of 
the company and the set benchmark of supply chain performance in organisations. This was 
due to the lack of analysis of risk used in the supply chain department and resulted in the use 
of inaccurate progress metrics in the firm, making the supply chain vulnerable. Therefore, a 
simple analysis should be done in such cases to ensure the use of proper supply chain 
improvement-metrics in the company. The proper use of supply chain performance metrics 
would lead to the use of strategic decision-making in the supply chain department resulting in 
a reduction in disruptions in the supply chain in the operations of the firm. 
 
2.2.2.2. Supply Chain Performance Measures evaluation  
Flexibility and the responsiveness to a customer, cost, as well as activity time, have all been 
used either jointly or singly to measure supply chain performance. However these measures 
have significant limitations. This section identifies and assesses shortcomings of these 
measures used against supply chain performance. 
 
2.2.2.3. Sole Supply Chain performance measures  
Use of a sole performance metric is needed because most SC users find it easier to use them 
(for example, simple dispatching rules). However, it is important to ensure that each single 
performance measure is used to describe the supply chain performance properly, which will 
never be the case with such rules. Supply Chain is known for its stochastic and dynamic nature 
and, therefore, it is a flexible model that reacts well when change becomes a necessity. Beamin 
(1996) submits that there are considerable limitations in each of the metrics used to evaluate 
the supply chain performance as far as universality, consistency, measurability, and 
inclusiveness is concerned. This study shows that, lack of inclusiveness is the biggest weakness 
of the performance measures. A measure is inclusive if it includes all forms of the supply chain. 
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For instance, a company may opt to use cost as the key measure for its supply chain 
performance. However, while it could be operating at minimum value, it could be experiencing 
dissatisfied customers or inflexibility when meeting demand fluctuations. 
2.2.3. Performance Measure Evaluation Summary 
 
Using a single performance metric is clearly non-inclusive because it ignores crucial attributes 
of the supply chain and associated interactions in a dynamic business setting. Notably, cost is 
an important measure in evaluating whether resources are optimally used or not. Many 
organisational objectives uphold the significance of minimising resources as well as the overall 
essence of the ensuing output; how profitable the system is. Additionally, by not concentrating 
on the effects of random disruptions in the supply chain models, the system results will not be 
able to adapt to future changes. In this case, performance metrics of supply chain system is 
deemed insufficient because it use ‘cost’ as a primary measure and are not inclusive, and, 
therefore, do not take into account uncertainty effects. While using multiple performance 
factors may be common in practical situations, to a certain extent, they are not ideal as far as 
the modelling of supply chains is concerned. Therefore, an improvement assessment paradigm 
for supply chains is formulated to address such issues. 
 
2.2.4. Performance Measurement of SCM Systems: Limitations and Opportunities 
 
Generally, well-designed supply chain measurement factors can enhance a firm’s chance to 
register improved competitiveness and profitability. This aspect can be realised by aligning 
processes across different plants and companies targeting the most profitable segments. This is 
made possible by realising a competitive advantage by differentiating products and lowering 
costs. Considerably, without proper supply chain metrics, it would be challenging for 
companies to succeed and can lead to failed attempts to meet customer needs, missed 
opportunities, and sub-optimal performance. This calls for consolidated efforts to formulate a 
system that could address the inherent limitations. Universal issues that lead to this problem 
are unwillingness to share information along the supply chain, complexity in multiple metrics, 
and poor supplier performance among others. Most of the metrics used to evaluate the supply 
chain are internally focused. These include lead time, timely delivery, etc. Sometimes, business 
organisations measure their financial aspects, although they lack integral insight into the 
performance of major business processes whilst other companies assess performance which is 
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based on other factors besides the internal ones. However, they also focus on a single-tier 
customer or supplier. Therefore, there is a need for a unified approach to address the limitations 
of the measures in order to get a holistic evaluation of the supply chain. In reality, a solution 
required to address this problem should be that of random dynamical in nature. 
2.3. Importance of this study 
2.3.1. Performance Measurement: Case Study 
 
Measuring performance creates a means whereby a company can evaluate if the supply chain 
in which it operates has improved or not. The following anecdotal case demonstrates the 
importance of metrics in ensuring that the supply chain performs maximally: A speedometer 
that is breaking down and a broken fuel gauge. This driver is monitoring time and continually 
referring to his odometer to perceive how quickly he is driving. He is sure that he has been 
complying with the speed limits when, abruptly, he is stopped by a traffic officer and given a 
speeding ticket. He carried on by backing off, once more, monitoring time and odometer and 
he is stopped by another traffic officer and gets a ticket for driving beneath the satisfactory 
speeds on the parkway. During the rest of the outing, he monitors the odometer and all of a 
sudden the unbelievable occurs – he runs out of petrol” (Mapokgole & Mbohwa, 2012). 
It was not a high-quality expedition because the driver missed the key measurements displayed 
on the dashboard. Being informed would allow a driver to make an informed decision. Some 
companies operate without attention to metrics. Just like the driver they fail, because they 
diagnose their poor financial performance, missed customer deliveries, and inadequate raw 
materials too late. These companies should note that:  
 The supply chain could become degraded due to using improper measurement metrics 
or alienating relevant ones;  
 ‘Only after the fact’ leads to failed business like losing customers; it is not an effective 
way to manage business just like running out of petrol and being booked for speeding 
made it expensive for the car journey; 
 Extraneous metrics like ‘odometer’ as applied to supply chains may hinder 
performance; and  
 A few key measurements could be effective in enhancing the supply chain performance 
just like using a petrol gauge and speedometer in a car.  
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The above points demonstrate the importance of performance metrics in promoting the 
achievement of the supply chain. Initially, companies used financial accounting concepts to 
measure performance, but these are currently insufficient to evaluate SCM because:  
 They are historically - oriented and lack future perspective;  
 They are unrelated to strategic, non-financial success such as customer service, 
product- quality, and customer loyalty;  
 They do not link operational efficiency and effectiveness; and. 
 They concentrate on short-term financial performance (revenues and profits) 
therefore giving less insight into the future prosperity of the companies. 
 
The objective of this research is to ensure that companies implement the slot-allocation 
approach of production in a controlled and standard manner. The process begins with the sales 
and marketing team assigning a slot date/number to a certain confirmed contract for a product 
and ends with the order acceptance into the production key by sales and operations. This aspect 
ensures planning is undertaken efficiently.  
2.3.2. Importance of Data Visualisation 
 
Before distinguishing how dashboards are utilised, or what arrangement best suits the 
individual business needs of the association, we should recognise what the real benefit of 
monitoring a dashboard is. From the classical example above of automobile dashboard, we 
need to understand that monitoring a dashboard in a vehicle indicates the ‘status’ of the vehicle. 
This can be seen as a level, situation, condition of the asset being monitored, all of which 
influence the next steps to be taken by the user. ‘Dashboards’ in business do something very 
similar, just more and indicate how organisations are performing. However, they can likewise 
characterise measurements and assist in realising set objectives and goals. .  
 
Consider a practical scenario; the simplest anecdote is when looking at “sales operations”. 
Metrics such as bookings versus quota, rep performance, individual product categories, 
customer behaviour and demographics, can be monitored separately, together, or as part of 
broader initiatives. The esteem this conveys to the business is huge. When organisations 
include ordinary bits of knowledge into their execution, they understand their information 
better. For example, deals dashboards distinguishes what items or administrations are best to 
employ, how to drive deals dependent on leads, pipelines, or item positions, how 
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socioeconomics identify with deals, and so on. Moreover, banners or alarms can help recognise 
issues before they become dysfunctions.  
 
Therefore, the rundown of advantages for an association that executes an effective dashboard 
can be long. They include:  
 Saving time;  
 Saving cash;  
 Insight into client conduct;  
 Aligning a system with strategies; and  
 Ensuring a far reaching objective driven and execution culture.  
 
Co-operation in the Supply Chain includes a wide scope of structures with one shared 
objective- that of picking up data and making a straightforward, unmistakable impact on the 
whole Supply Chain (Holweg et al., 2005). Data acquisition is understood to prompt higher 
consistency and understanding of the circumstance which could produce the bullwhip and fake 
interest effect. The impact of this is a decrease in stock dimension, improved administration 
level, and decrease in sock-out. Some literature has distinguished the issues brought about by 
an absence of data (Forrester, 1961; & Lee et al., 1997). Perception means to graphically speak 
to data in pictures, maps and representations so as to elucidate exchange and trade learning. 
Accentuation is associated with what to imagine, how to envision, and how to illuminate the 
particular data components in an all-encompassing picture.  
 
2.3.2.1. Real Time Dashboards  
These are utilised by Supply Chain associations for a fast and day-by-day diagram of what's 
happening in their organisations to help clients recognise and tackle issues constantly as they 
develop. The dashboards enable clients to screen and note special cases and patterns while, in 
the meantime, investigate certain fragments of their activities instinctively. They give 
organisations the advantage of convenient reaction since the organisations remain consistently 
refreshed. The clients get to report in time which enables them to respond quicker to change in 
the market. For instance, if limit necessities are not being met on a specific generation path/line, 
a creation execution dashboard makes it simple for clients to spot throughput, dismissals inside 
that very path and required measures of assets to meet the set targets and clients are additionally 
ready to audit the issue and maybe offer direction once more.  
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2.3.2.2. For what reason is information representation fascinating, attractive and valuable?  
To respond to this we address it from Biological point of view. Extensively, individuals' visual 
framework is very much worked to embrace visual investigation. Their eyes gather broad 
information sending it to the cerebrum through the optic nerve at nine megabytes for each 
second (Koch et al., 2006). The mind quickly forms the information through modern 
programming that is exceptionally decent at functions such as “edge detection, shape 
recognition and pattern matching” (Kotch et al., 2006). Basic data in the information is 
presented visually, in the patterns and pattern violations: trends, gaps and outliers. Perception 
clusters information into configurations that can be understood and understood substantially 
more rapidly and effectively than raw information alone. Perceptions are skilled and can be 
more viable than words at altering individuals' perspectives. They give information easily, and 
supply knowledge. Without access to the pivotal information it is difficult to react to it. For 
instance, think about circumstances where the values change after some time as they do with 
land or trade-in vehicles. Here, one would have to assess the circumstances rapidly and 
comprehend the profiting alternative, regardless of whether to lease or purchase, or if that trade-
in vehicle is in decent condition or not. Without that understanding, we are lost and the odds 
of using sound judgment are significantly decreased. In light of this data, it is reasonable to 
propose that the human cerebrum and game plan is wired for perception. 
2.3.3. SCM and Material Flows 
 
The methods described in the literature focus on developing performance measures for an 
organization, and do not capture the performance of the whole supply chain system or measure 
how well each organisation affects the overall performance, (Mapokgole & Mbohwa, 2014). 
Most organisational measure performance in isolation. Most authors perceive the need to 
measure execution over the supply chain, however, they don't present a strategy to construct 
the measurements and neglect to perceive the inventory network forms that drive execution. 
More research is needed in order to establish SC metrics, and at the same time to overcome the 
implementation barriers. The majority of the researchers has concentrated on examining and 
sorting execution estimation frameworks. However, little research has been dedicated to SC 
execution measures. Research is expected to decipher what ought to be estimated, how, when 
and why, with proven results that are more closely to the actual situation. The supply chain 
must be seen as one facet and any estimation framework should traverse the whole production 
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network. The test is to build up an estimation framework that empowers supervisors to see the 
zones where production network execution can be improved upon, so they can concentrate on, 
and acquire larger amounts of execution on a similar framework. This study focuses on 
establishing multi-level unified models that should represent a practical situation. We open our 
discussion with material within the supply chain system. 
 
2.3.3.1. Logistics and Transport Chains within Supply Chains 
The developing requests of co-ordinations are a crucial segment of current changes in financial 
frameworks in all dimensions (i.e., at the worldwide, local and neighbourhood scales). These 
progressions are not just quantitative and are said to be auxiliary and furthermore operational. 
According to Jones and Kierzkowski (2005), auxiliary changes include creation framework 
where geologies of assembling and re-appropriating have turned into the most overwhelming 
worldview. Though, operational changes concern cargo transportation with its geology of 
dissemination, the capacity to utilise a few modes of transportation in a constant grouping, is a 
predominant worldview (Slack, 1998). Consistent enhancements for physical appropriations 
and materials the executives came to fruition because of the expanding dimension of control of 
physical streams in the supply chains. Lean supply chain frameworks guarantee that 
conveyances can be set aside with sensible stock-dimensions which suggest that a substantial 
volume of material is available for use at additional times. The rule of continuous stream is at 
the centre of a successful utilisation of co-ordinations to help production, as delineated in the 
figure below (Rodrigue, 2012).  
 
 
Figure 3 Scope of Supply Chain, Logistics & Transport Chains (Rodrigue, 2012) 
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A supply chain focuses on either product or service and extends back to different activities and 
requirements to make it available at the area for consumption and/or a service for rendering. In 
the case of a product, it looks at a set of logistics chains linking all activities such as acquiring 
of materials (raw materials) to ensuring that a product is delivered on time to the customer. 
Due to its complexity (arbitrary flow), it’s rare to find the entire chain managed by one unit. 
Flows at all levels are organised in a certain way and reflect a sequence of organised activities 
in accordance with the defined processes of making a product available. 
 
A logistics value chain, as discussed, focuses on a single item of a complete bill of material of 
an inventory and increases to the stage of consumption (i.e., becoming a part of another item). 
For example, a logistics chain could include material to be assembled to form a complete 
product or end-product and then delivered to a distribution hub for temporary storage for later 
delivery to a retail store. In this case, physical and operational processes including the 
managerial process are covered. 
 
As for a transport chain, the focus is on a consignment or shipments and it also extends to 
material transportation, material handling and other activities along the lines of carriage such 
as despatch, conveyance scheduling and management etc. For lengthy distance, transportation 
network chains can involve containerisation and inter-modalism, which focuses on improving 
the operational efficiency of transport chains leading to improved supply chain systems. 
 
2.3.3.2. Flows within Transport Chains 
Looking at this on a global scale, international trade looks at what is being traded, and at 
suppliers and customers (trading partners) involved in the transaction. Normally, this is seen 
as a chain of commercial trade deals amongst business associates that tracks the commercial 
value of what is being merchandised which also affects the relative gross domestic products 
for the country concerned. At any point in the transport chain, consignment worth or volume 
becomes an abstract expression of the amount of merchandises being traded for they don’t 
characterize the definite physical tides that supports the transaction. The effective physical 
global trade system necessitates a carriage network which is a chain of logistical activities 
which includes modes such as railway and road transport systems (Figure 4) Rodrigue (2012). 
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Figure 4 International Trade, Transport Chains and Flows (Rodrigue, 2012) 
 
Transport chain systems start with composition of where material is packed which is often on 
pallets. Depending on the available transport modes, containers can also be considered. This is 
an important step in the chain as it attempts to achieve economies of scale through transport 
chain by providing larger loads. Once cargo loads are planned and executed, the cargo being 
traded then moves along the transport chain using an available mode of transport, be it rail or 
road until it point where it is trans-shipped to an international mode (Mapokgole & Mbohwa, 
2012). Moreover, economies of scale can also be possible as most loads can still be united into 
an extensive shipment. By law, when a consignment enters another nation through various 
means it is transported according to the regulations of the appropriate customs-system. Custom 
systems and postponements out of hand are among the most widely-recognised elements in 
worldwide cargo dissemination (Arvis et al., 2010). These factors are discussed in the next 
section. Decomposition is the last phase of the transport chain and this happens in the location 
next to the final destination. Normally, loads are unpacked according to the individual customer 
orders for respective distribution. 
 
2.3.3.3. Constraining Factors Affecting Supply Chains 
Supply chain disruptions or risk are commonly referred to as ‘Frictions’ as they have an effect 
on the supply chain’s momentum and/or speed of arrival and have the effect of a disruption of 
the supply chain system. The multi-dimensional aspects of these disruptions are related to 
several factors and Transport costs, supply chain complexity, and the transactional and physical 
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environment were the most noticeable. Handling these frictions in each production network 
may involve various structures and may incorporate various exercises and may be grouped into 
two: pre-interruption, and, post-disturbance (reaction or receptive). These should be noted by 
organisations before time so that they do not create disruption. Despite all efforts by 
organisations, troublesome occasions are still bound to occur, and their effect on production 
network activities must be recognised in order to achieve goals. Another order that is being 
incorporated is called proactive (prescient) versus responsive view in overseeing supply chain 
chance. In the case of proactive hazard, the board takes preventive steps to handle the danger 
of troublesome occasions, while responsive alludes to responding once an occasion happens. 
Both of these steps have an effect on the speed of the supply chain.  
 
2.3.3.3.1. Intermodal and the Velocity of Freight Flows  
Freight velocity is as important as the delivery speed of the supply chain and can be interpreted 
as the rate of moving a consignment along the different modes of transport and concerns the 
trans-shipment speed and accounts for the effectiveness of operations at airports, ports and rail 
yards. In terms of speed, rail has not shown any improvements in recent decades and this is a 
clear indication that speed barrier may have been reached in this form of transportation. 
Velocity increments became possible and evident with intermodal operations denoting lower 
levels of frictions or disruptions. 
 
The use of containerisation has become an ultimate factor towards a radical change in speed of 
delivery and before its introduction, shipment speed was sufficient, but serious delays with 
non-efficient trans-shipment served as a barrier for effectively managing operational time for 
freight deliveries and weakened probable local benefits that such businesses should have 
enjoyed as a result of their role as a component of transhipments (Leinbach & Capineri, 2007). 
In most logistical value chains, transportation speed is very important when considering the 
delivery of goods and speed or velocity must be convoyed with a certain level of reliability and 
integrity on according to the schedule. This falls into the category of supply and demand and 
is a considered factor in warehousing and stock value. It is possible that forthcoming 
improvements in freight speed and/or velocity can be based on transhipment, which is both 
intermodal and transmodal. At present, the velocity of freight-transport is still a challenge that 
requires attention from research and supply chain management and it requires improvement 
when considering that, an increased amount of traffic eventually results in delayed shipments. 
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At a national level, considering peak hour traffic in Sandton (Johannesburg) for instance, the 
congestion situation certainly results in delayed deliveries. This causes congestion at terminal 
and, ultimately, has, a negative impact on the velocity of consignment delivery and delays 
downstream manufacturing operations resulting in late order deliveries to the customer 
wherever the destination may be. 
 
Oceanic shipping companies have the longest leg in the value chain of international trade and 
have an influence on the speed of the freight flows. In most instances, intermodal terminals are 
in the metropolitan area and this alone raises a challenge with freight flows, particularly with 
gateways. National import gateway cities (i.e., Port of Durban, Port of Cape Town port and OR 
Tambo International Airport) should reconcile flows that are transported towards other 
destinations as well as flows originating or bound for the city. Leinbach and Capineri (2007) 
developed a unified model which incorporated the velocity of logistics at the gateway ports. 
 
2.3.3.3.2. Total Logistics Costs (TLC) 
Total logistics costs encompass a full array of costs for making a product from raw transport 
costs, warehousing costs through to trans-shipment costs until a product gets to the consumer. 
Logistics managers for big companies prefer reliable services to logistics costs and they are 
more sensitive to the stability of the cost structure and discard routes with cost fluctuations and 
prefer routes with less volatility. However, the starting point in most cases is with the cheapest 
route option, as long as the cost structure remains stable, Logistics Managers are likely to opt 
for it if the route is stable. Logistics costs alone are not a good measure, as the concept of cost 
should be weighed since its importance is in relation to the value of the cargo being transported. 
Considerations for costs in this instance concern mainly goods that have low value like plastic 
bags or paper for instance as opposed to high-value goods (wind farm main gearbox). Take for 
example, a requirement to transport a main gearbox required as spare parts for a failed gearbox 
for a wind turbine plant that generates electricity, and consider the implications of a late 
delivery – for whatever reason! In such instances, reliability outweighs logistics costs, 
especially where there’s a power or productivity loss. 
 
TLC exposes more concerning distribution centres. According to the figure presented below, 
transportation alone accounts for more than fifty percent of the total logistic costs (suppose for 
in instance, a cargo from China to Polokwane, in Limpopo Province with high inland transport 
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costs). Inventory carrying costs are also substantial with a fair portion of about one fifth of 
entire expenditures, it comprise of the costs of holding goods in stock. Activities involved in 
the labour costs are material handling, which include tasks such as material packaging and 
labelling. Customer service involves inbound and outbound processes, quality control and 
receiving of material. 
 
 
Figure 5 Logistic Costs Breakdown (Mapokgole & Mbohwa, 2012) 
 
Companies take advantage of logistics sites that are close to intermodal terminals as this 
strategy enables them to minimise transportation costs and also improves, most importantly, 
the response time and, for this benefit, they are ready to pay higher rents. Even though 
transportation costs are critical components of logistics costs and its friction, costs factors such 
as labour and inventory carrying remain important. Take for instance an urban setting i.e., 
Sandton Central which has a notable impact on the logistics costs structure with higher rent, 
higher costs and high level of congestion. Compensation for these costs are better economies 
of density like proximity to customers, stable and reliable transport system (Gautrain), etc. 
 
2.3.3.3.3. Transit Time 
Travel time influences stock conveying expenses and stock-process duration in production 
networks. Travel time is a basic factor when assessing transport costs, specifically co-
ordination as it includes cost and time across the board. Urban areas have the benefit of 
availability for worldwide and provincial cargo streams and this has a positive effect on time 
execution and they are the most testing conditions for neighbourhood cargo appropriation 
where traffic congestion is a factor.  
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The cold chain is an important consideration particularly when delicate frozen goods that 
require rapid transportation is concerned. Longer timeframes are connected with the potential 
debasement of the item. For sustenance items, for example when considering products of the 
soil, time directly affects their timeframe as far as their usability is concerned and the 
company’s income may directly influenced by the time it takes to deliver the goods. The 
effectiveness of the unwavering quality of temperature controlled transportation has achieved 
a point which enables the sustenance business to exploit worldwide convenient varieties, 
implying that in winter in the Southern Hemisphere, producers can send out transitory 
merchandise to the Northern Hemisphere and vice a versa. Since urban communities are the 
primary markets of cold chains the practicality of conveyances has a direct impact as far as the 
time span of usability of perishables is concerned.  
 
2.3.3.3.4. Inventory network Bottlenecks  
Bottlenecks are areas in worldwide cargo circulation that are forced by limits at the primary 
national ports. These are the fundamental areas where strategic grinding occurs. Physical 
limitations can create bottlenecks as traffic on the roads increases. Transitory transportation 
bottlenecks can be brought about by normal or market conditions. Common climate 
interruptions, are among the most conspicuous disruptions and can cause mishaps in the SC. 
These occasions are normal and cannot be anticipated with much accuracy. A flood, for 
example, can cause a disruption to transportation. Disinvestment, frequently through the 
absence of upkeep, can cause transitory bottlenecks that could wind up lasting for an extended 
period. Plainly there are many variables that can cause bottlenecks in transportation.  
 
State guidelines that defer merchandise developments for security or wellbeing assessments 
likewise make bottlenecks as an immediate outcome. In contrast to provincial zones, urban 
zones are especially inclined to administrative limitations regarding land use and cargo tasks 
(for example speed, vehicle size, and so forth.). Guidelines unavoidably cause postponements 
and interruptions, which are referred to as ‘fundamental disturbances’. Supply-network 
bottlenecks can trigger bottlenecks. For example, work shifts, may force time subordinate limit 
deficiencies at terminals and conveyance focuses. A few organisations may make bottlenecks 
intentionally as they control key components of the inventory network. Innovation can likewise 
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be an issue as various data trade conventions can cause delays in data handling and in 
shipments. 
50 
 
Chapter 3: Research Methodology & Design 
3.1. Material and Methods 
In this chapter, theoretical and systematic analysis that is applied in this research is discussed. 
It supplies comprehensive knowledge concerning the research through the analysis of journal 
articles, news articles, and books. In addition to this, the chosen research approach, research 
design, the method of data collection and data analysis, questionnaire development and 
research methodology are also discussed in this chapter. The results of these questionnaires are 
discussed in Chapter 4. 
3.1.1. Questionnaires and Interviews 
 
A list of questionnaires (attached to this research project as Appendix 2) were distributed to 
members of supply chain companies (selected companies) in South Africa, to assist in data 
collection for further statistical analysis and different types of company (production line, 
product layout, process layout, fixed layout) have been considered for a comprehensive 
spectrum of the supply chain system. Questionnaires consisting of six (6) pages were prepared 
that are aimed at assisting in improving the logistical systems considered in this study. 
Populated data for this survey should enable us to measure how well South Africa is doing 
when it comes to efficiency of supply chain systems, and whether or not a robust and/or 
resilient supply chain system can be developed in existing companies. For the preservation of 
confidentiality, lists of considered companies are withheld.  
 
3.1.1.1. Case Study Companies 
We identified companies (both manufacturing and service companies) for data collection and 
the identified companies were divided into groups depending on the characteristics or 
properties mentioned. A random list was drawn up for each subgroup and company. Before the 
random selection process, a chosen population size amounted to six per category, but only three 
were randomly chosen. These are companies that meet the selection criteria as explained below 
and operate within the borders of Gauteng Province. They all contribute significantly to the 
national economy. Six companies that produce different products and three service companies 
that render different services have been selected for data collection, analysis and experiments. 
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Due to this mix of companies selected, it is believed that the results proposed in this research 
study will most likely be applicable and fitting to all companies. Companies are selected 
according to the following categories; 1) automotive/engineering companies, 2) sheets and 
steel processing companies, and 3) service companies. Apart from the characteristics below, 
these companies are among the top contributors to SA’s national economy, hence a need for 
ameliorating policies and practices in this division. A selection criterion is based on companies 
that meet the following characteristics: 
 
● Category 1 
In this category, the chosen companies are automotive and engineering companies that have 
identical products with large and steady demands. These companies have a low value demand, 
but the cost of each unit is too high. Together with this, the setup of these companies is more 
frequent and costly, but the handling of the material is slower and very efficient. Therefore, the 
period of administration such as routines and setup is small in size due to the complexities of 
the job that makes the cost of administration high. Because there is ample available equipment 
in the market, the company layouts are not susceptible to regular equipment failure as is the 
case in other organisations.  
 
● Category 2 
In category 2, the chosen companies are sheet and steel processing ventures that have lower 
unit costs with specialised labour and that assists in reducing the cost and time of training. In 
addition to this, the administration has also reduced the cost of labour and the probability of 
reworking. These labourers are highly skilled in the use of the machines. 
 
 Category 3:  
Companies where workstations perform similar types of process have been brought together 
and can be considered as a service unit, i.e., call centre, financial division, etc. The chosen 
companies are service companies because the layout of service companies reduces the cost by 
providing a quicker time of processing and this decreases the setup time. Furthermore, the 
employees of these companies are well-trained and are able to handle any kind of machine 
available and operational in the plant. Along with this, as the workers are accountable for the 
output at the workstation, this produces more self-sufficiency and job-ownership and this 
results in higher productivity.  
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For sampling purposes, three companies have been identified and pre-selected per category. A 
total of nine companies serves as the population size of this study. Sectors and company names 
are treated as confidential and, for confidentiality purposes, company names are represented 
by alphabetical letters:  
 Automotive Companies: A, B, and C;  
 Sheet and Steel Processing Companies: D, E, and F; and  
 Service Companies: G, H, and I.  
 
Although these nine companies were selected randomly from a long list of SA companies 
operating from Gauteng Province based on the knowledge gained from Meyers (1993), (i.e. the 
applicability of addressing and solving the problems under study) that deals with production 
planning departments’ criteria, experiments were performed on the test beds of Weir Minerals 
Africa. This population size should enable the researcher to realise a universal solution to the 
problem which could be used in any manufacturing company that falls within the above-
mentioned sectors. Furthermore, studying and investigating companies with similar 
characteristics should limit the applicability of the developed and/or proposed model. 
Companies’ selection criterion is limited to the aforementioned characteristics. Apart from 
productivity losses, monetary losses following Supply Chain disruptions are determined using 
the systematic random sampling method. It is assumed in this research that aggregate results 
will represent the entire population.  
 
As for modelling analysis, participating organisations incorporated the following: 
● Job role: A survey questionnaire was sent to South African companies as discussed in 
the previous sections, classified according to category (grouped by industry). The 
survey was directly sent to the person responsible for Supply Chain in the company, 
i.e., Logistics Manager, Supply Chain Manager, Supply Chain Director, Head of 
Logistics, Supply Chain Consultants, Staff Members, etc. The participants were 
carefully selected so as to refine the data relevancy of the respondents, they were all 
responsible for Supply Chain Management. In tems of job profiles, the sample in this 
included the participants with the following mentioned job roles: 14 percent of 
participants were senior managers or directors of the company, 58 percent of 
respondents in this research were managers of the company, 10 percent were members 
of the general staff of the company and 18 percent were the internal consultants in the 
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company. In terms of respondent rate, we received 78% of the feedback, which is 34 
usable responses.  
 
● Industry: The sample participants of the research were chosen from the process and 
service industries. Twenty six (26) percent of the respondents were from the sheet and 
steel manufacturing companies, 31 percent of participants were from the automotive 
companies and the rest of the 33 percent were from the service companies. However, 
there were some participants in the categories of multiple processes that were not 
accounted for in this research project.  
● Geography: All the participants of this research were from the region of Gauteng and 
the research explores the efficiency of the chosen organisations within this area. In 
addition to this, it also incorporated the respective branches of the companies, its 
customers, suppliers that were outside the borders of Gauteng. 
● Company size: Twenty nine (29) percent of the participants of this research were from 
large organisations that had an annual revenue of more than R1 billion while 52 percent 
of the total participants were from the mid-size ventures that had an annual revenue of 
R50 million to R1 billion. Together with these, the rest of the 19 percent of participants 
were from the small enterprises that had an annual revenue of less than R50 million. A 
pie chart containing the detailed breakdown of the record of participants is illustrated 
below. However, the names of the companies have been kept confidential in order to 
maintain the privacy of these companies. 
 
Figure 6 Respondents per Company Size 
 
29%
52%
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Respondents per Company Size
Large Enterprise
Midsize Enterprise
Small Enterprise
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3.1.1.2. Data Collection and Assumptions 
The primary data (field data) collected for analysis includes impacts of different types of 
disruptions (for more, refer to appendix two – list of questionnaires). All information and data 
relating to disruptions are collected through the following methods; direct observation, direct 
extraction from the ERP system, interviews, questionnaires, internet, and analysis of 
documents or from company records. Furthermore, ERP systems in the case study companies 
contain databases that are filled with products, bill of material, resources, product lead-times, 
operations routine/recipe, and previous performance records per resource.  
 
3.1.1.3. Data Collection Methods 
These methods are the safeguards for success of the entire research. More efforts were made 
to ensure high quality of information received from case study companies. We liaised with 
companies through different methods. A comprehensive list of questions centred around 
‘supply chain manufacturing disruptions’ was developed and distributed to selected companies, 
i.e. the type of disruption, duration of disruption, operational data, resource performances, etc. 
ERP operational data extraction – most manufacturing companies are governed by ERP 
systems that have features for recording performance per workstation and any disruption and 
any reason for deviating from optimal performances will have been recorded. Some companies 
are still using hard copies (printed sheets) to record production performances, which was also 
requested and used for the analysis. Intense interviews and direct observations are also 
considered in selected companies from different levels and functions to ensure non-uniformity 
of information or answers. Internet and Emails as a communications medium was found to be 
useful for data collected from remote sites. The scope of this research is sufficient and may be 
limited to South African companies. However, the solution is deemed to be universal, i.e., it 
can be applied to any company anywhere with such processes. Operational data will also be 
obtained from the internet for benchmarking purposes, i.e. to determine how good or bad SA 
companies are when compared to global companies.  
3.1.2. Research Hypothesis 
Hypotheses for this research are as follows: 
H1: The metrics of performance measurement can provide an improvement in supply chain 
systems; 
H2: Healthy and flexible supply chains depend on the transparency of the system; and 
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H3: The interferences in the supply chain create a favorable effect on the economy of the 
country. 
3.1.3. Objectives of the Questionnaires 
 
 To explore the barriers, possible ways of developing supply chain management and 
related issues in the context of South African companies (comparing top performing 
companies with other classes), 
 To identify and understand the possible impacts of random disruption on SCM and the 
way post planning affect the management of the company and the national economy; 
 To understand the impact of geographical locations on the SC value chain systems;  
 To understand how SA companies react to unforeseen disruptions, together with 
policies and practices commonly used to mitigate this problem; 
 To examine the recent statistics along with the prospect vision of SCM and information 
systems (the application of ERP by companies) in South Africa; and 
 To reveal performance measuring metrics (KPIs) employed by SA companies to 
manage and/or control SC followed by benchmarking for the best practice  
3.2. Research Methodology 
3.2.1. Research Approach 
 
Different methods of analysis are mentioned in this section which tend to open the discussion 
on disruption management because of its impact on the availability of supply chain systems. 
The impact of disruptions, as reported by various authors, will cripple the health of the 
availability chain leading to unprofitable businesses (this section address hypothesis 2 of this 
research). 
 
3.2.1.1. Disruption Management 
The aim here is to understand better how companies manage supply chain disruptions and a 
quantitative survey study was conducted to get each case study company’s method on how to 
manage this problem. The reason why a quantitative method has been chosen instead of a 
qualitative method is that there is much data to be gathered about the subject. This area of 
research has not received much attention until recently and the attention it has received is post-
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the financial crisis. A qualitative method can also give a much deeper insight into problems 
that companies are facing, for example, after an event such as the recent natural catastrophe in 
Japan. 
 
The supply chain processes in the chosen companies in Gauteng between July 2013 and March 
2014, were examined in order to identify the effort of these companies in connection with their 
supply chains. Logistics executives, supply chain managers, and operations executives in the 
chosen process/manufacturing/service industries were approached to identify the following: 
  Major challenges in the supply chain systems (addressed in questions 3,4,5,6,9 in the 
questionnaire); 
 The possibilities of developing robust and resilient supply chain systems through visual 
measurements (addressed in questions 4, 7, 10, 11, 12 in the questionnaire) with the 
object of developing a ‘unified’ performance metric model;  
 Which strategies that are currently being employed will be likely to lead to greater 
supply chain systems’ efficiency? (addressed in questions 4, 8 in the questionnaire); 
 An understanding of the causes of negative impacts of geographic locations on the 
supply chain systems (addressed in question 13 in the questionnaire). This will use 
Scientific computations to explore the relationship between actual and planned delivery 
performance indices; and  
 The financial implications of supply chain disruptions on selected companies 
(addressed in question number 14 in the questionnaire). 
 
Strategic objectives answered by these questionnaires were as follows: 
 The quantity involved in the supply chain that has been reconstructed; 
 The formation and efficiency of the supply chain system; 
 The present and intended utilisation of existing technology so that it can give support 
to the activities; and 
 The profit as a consequence of calculations made based on the supply chain system. 
 
Data were collected from telephone calls, face-to-face interviews, and from responses to e-
mailed SCM questionnaires, (Appendix 2). Given the relatively low cost of such a survey, and 
the likelihood that companies, and supply chain professionals would be willing to participate 
by answering the questions contained in the survey, the study appeared to be highly feasible. 
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Upon data collection, scientific statistical data analyses were conducted using SPSS for 
Windows Version 15.0. This application is widely used for statistical analysis. However, before 
using SPSS to analyse collected data, multi-variables were defined based on the responses to 
the prepared questionnaires. Among other tools and/or applications that were used in this 
software is the linear regression that should enable the author to predict categorical outcomes, 
for example, studying disruptions’ behaviour or responses to treatments under different 
conditions. 
  
The researcher conducted an interview over the telephone with selected participants in order to 
gather additional data on the performance of the supply chain system, its experiences and 
results in order to support the previous research. Furthermore, the tools of the software SPSS 
(Statistical Package for the Social Sciences) has been used with the help from STATKON (at 
University of Johannesburg) to complete the statistical analysis. The SPSS software allows the 
researcher to access the information in detail and to prepare an analytical report with proper 
graphics, tables, and models that are illustrated in this research report. The aim of the study 
was to explore the reimbursement and best practices for those companies that have re-
constructed their supply chain management systems in order to improve the performance of 
their supply chains. Along with this evaluation, the other companies are ready to develop their 
processes. Detailed results and analysis of the report are discussed in the next chapter: Research 
findings and results.  
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Chapter 4: Research Findings & Results 
4.1. Modelling Analysis and Results 
This chapter starts with findings of the research survey carried out during the research, followed 
by the production scheduling system (as a main component of the supply chain system), then 
a case study with recommendations of the concept called “slotting room”, and on how 
disruptions can be better be managed in supply chains. 
 
The results of this study showed that the different approaches by the chosen companies enabled 
them to manage the cost of the supply chain effectively. However, the struggle of the supply 
chain continues. In addition to this, the identified differences are most critical in the way the 
selected companies are utilizing technologies and managing the operations of the supply chain. 
The demographics chart of these survey participants is divided equally across the key business 
classes that were mentioned in the previous section. In addition to this, the supply chain of a 
company faces miscellaneous pressure of cost in recent times as there are challenges coming 
from all the departments of the supply chain. Along with this Added to this, around 50 percent 
of the survey participants have admitted that the manufacturing cost of the supply chain has 
been dominant. On the other hand, 44 percent of the participants quoted the pressure of the 
logical cost of the supply chain. Furthermore, 38 percent of respondents acknowledge that the 
annual growth in the price of energy increases the cost of transportation. Manufacturing cost is 
the main offender for many organisations and industries. Moreover, there are other factors that 
need to be considered in the cost of the supply chain and these include the cost behind products 
that are more specialty in order to prevent commoditisation ,the cost of labour and insurance 
and the cost of directorial and security compliances. 
 
The companies in the industry of manufacturing have been faced with an ever-increasing oil 
price. The research survey has shown that 82% of the participants have noticed an increase in 
costs of logistics from the year 2003 and the participants mentioned that the average increase 
is around 7.96 percent. However, the costs of logistics are calculated as transportation costs, 
whereas inventory and the cost of warehouses are calculated as a sales percentage. The cost of 
logistics increases because of the hike in oil price. This is emphasised by the following factors: 
approximately, 27 percent of the oil price (in the view of customers) is the taxation imposed 
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by the South African government, and around 4 percent of the oil price goes to the Department 
of Customs and Excise. Along with this, 72 percent contributes to the National Road Accident 
Fund. Therefore, an increase in the price of petrol inescapably places strain on inflation that 
also affects goods transportation. Furthermore, the petrol price in South Africa has increased 
many times recently.  
 
4.1.1. Reported barriers to Supply Chain success  
 
The majority of the survey participants have tried solving the challenges affecting their supply 
chain and some of them reported to have been facing not only internal, but external hindrances 
as well as far as the supply chains are concerned. They have blamed various factors including 
lack of supply chain system visibility, supplier faults, late deliveries of materials, information 
fragmentation, material supply obstacles and labour, their enterprise size, inability to 
concentrate on change instead of ‘firefighting’ or problem solving, as well as management 
resistance to change.  
 
Table 1 : Barriers to Supply Chain (Survey Results) 
Barriers to Supply Chain 
(mark with an X when rating) 
Not at all Little Average Greatly A lot  Probability 
(%) 
(1) (2) (3) (4) (5)  
1. Supply Chain System Visibility X      39% 
2. Supplier Defaults    X   8% 
3. Extreme Weather Conditions   X    2% 
4. Information Fragmentation X      17% 
5. Political Unrest/ Industrial Actions  X     1% 
6. Traffic Congestion     X  8% 
7. Manufacturer Capacity  X     3% 
8. Power Outages     X  2% 
9. ERP Systems Vulnerability      X  18% 
10. Government Regulations     X   2% 
11. Other (specify):  
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Redesigning the supply chain demands concerted effort, collaboration and direction from the 
top management in order to mitigate the challenges. One of the executives from a 
manufacturing company noted that their ‘silo-like’ organisation approach was a key barrier. 
From the table above, it is clear that supply chain system still lacks the suitable performance 
metrics. The vulnerability of the ERP system is also identified as one of the problems 
encountered by many supply chain organisations. 
 
4.1.2. Supply Chain Transformational Plan  
 
As some business organisations struggle to regulate supply chain costs and productivity, they 
concentrate on improving performance, information flow, and the overall visibility of the 
processes. It became apparent from the respondents that the companies have noticed that they 
should be able to forecast not only demand but also production, inventory, as well as 
distribution along the supply chain. They should further focus on adjusting their operations as 
cost-management controls and market dynamics change. A unified approach or framework 
visualising the entire chain has been proposed in Table 1 below (as presented in a paper by 
Mapokgole & Mbohwa, 2014): 
 
Table 2 Proposed Supply Chain Improvement Plans 
Proposed Action  Weighting 
Factor (%) 
 Process visibility from plant floor to top floor & data, performance  76% 
Cross-functional metrics 71% 
Data & process visibility (end-to-end supply chain) 69% 
Closed-loop integration of supply chain planning and execution  68% 
Centralised supply chain management organisation (as one entity) 64% 
 
The table above suggest in terms of importance, the factors that companies should look at in 
order to improve their supply chains. By chronological order, the survey questionnaire 
suggested with seventy six percent that companies should focus on improving process visibility 
from plant floor to the top, improve on the presentation of data. Because companies are not 
operation in silos or in isolation, the model suggested that these metrics be cross-functional. 
This looks at the entire system in its entirety, focus is on improving the entire supply chain 
from vendors to customers. 
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Apart from cost control, companies should focus on improving the introduction of new 
products, reducing customer-related lead time, improving the perfect order metrics, and 
lowering inventory requirements as shown by a 64 percent score. As illustrated in the following 
section, the top performing companies are far ahead in realising these goals. 
 
4.1.3. Findings by Company Class  
Ta
ke
aw
ay
s 
 While many business organisations are focused on transforming their supply 
chain, ‘top performers’ are relatively successful in minimising production costs, 
enhancing perfect order metrics, and reducing the customer-related lead time. 
 Redesigning supply chain reduces logistics costs as well as production costs. 
However it is an expensive exercise to embark on and to affect supply chain 
performance. Until the system is back to normal operations can take time.  
 Best-in-class companies are way ahead due to their ability to invest and employ 
best in class supply chain technologies. This is envisaged by respondents as 
reported in the survey.  
 
Restricting the supply chain helps companies improve their inventory turn-around times, foster 
production capacity utilisation, enhance perfect order metrics and minimise transportation 
costs. For the sake of analysis, we grouped participating companies into three different classes, 
namely 1) best in class, 2) industry average, and 3) dawdlers. All categories of the companies, 
from top performers to dawdlers are focused on supply chain improvements, as earlier shown 
through continuous system improvements (the details of the findings are discussed below). The 
top performers’ advantage in key performance changes range between 2.5X and 9X relative to 
the dawdlers or average companies.  
  
4.1.3.1. Findings for Top Performers  
For the purpose of this study, the best in class companies are those that have most suitably 
addressed the key pressures across the supply chain community including customer 
expectations and costs amongst others. They have reduced logistic costs and have highly-
performing order metrics. Twenty-one percent of the survey participants are in the best in class 
category. Surprisingly, most of these organisations are mid-sized companies, illustrating that 
big companies endowed with a huge revenue base lack inherent advantage due to their size. 
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One important factor worth noting is the gap between perception and practice, in that ‘most’ 
big companies are BIC which is not the case as shown in this research. 
 
4.1.3.2. Findings for Industry Average  
The industry average involves those companies with logistic costs higher than 10%. 
Dominating part of this category are mostly big companies. This suggests a need for the South 
African supply chain community to review and re-engineer their processes and logistic 
networks. These are companies that are more likely positioned to improve in the near future (at 
least when compared to the last category, ‘dawdlers’).  
 
4.1.3.3. Findings for Dawdlers 
Finally, dawdlers are companies with logistic costs higher than 11 percent or more. Around 31 
percent of organisations in the survey are in this category. The survey shows that company 
size, brand name, years in operation and/or maturity category are not correlated. Slightly over 
half of the dawdlers are large, high revenue, billion Rand companies. Companies experiencing 
monetary losses as a result of disruptions fall into this category; including some well-known 
companies.  
 
4.1.3.4. Top performing class advantage: benchmarking  
Most of the companies are trying to re-engineer their operations across the supply chain, and 
are recording improved performance. The figure below indicates the percentage of 
organisations that have realised improvements in major supply chain metrics for the last 
decade. Apparently, the best in class (BIC) display the most improvements, as the industry 
average, as well as the dawdlers who struggle. Generally, the monetary value of what is referred 
to as “wasted opportunities” as a result of deficient processes depends on the size of the 
company, product transformation value, and the product life cycle. 
 
63 
 
 
Figure 7 Relation between best-in-class & other classes 
 
The best in class have, according to the graphical representation, an advantage ranging between 
2.5X and 9X on performance improvements. This is based purely on the top four selected 
metrics. Furthermore, they illustrate a better overall performance in managing their supply 
chains (depicted in Figure below). They are far ahead on forecast accuracy, logistics costs, and 
performance order percentage as a percentage of sales. In what follows, explanation of what 
the best in class do differently compared to other classes. 
 
4.1.3.5. What do the best in class do inversely?  
Companies in the BIC category lead their peers in realising their supply chain targets. Figure 
8, indicates that 40 percent of these companies have already established closed-loop 
integration, particularly as far as supply chain planning and implementation is concerned, 
compared to 13 percent of other companies. Over 36 percent of the leading companies in the 
industry have attained process and data visibility relative to just 8 percent of the other 
companies. The best in class have achieved milestones in generating reflectiveness right from 
the shop floor to the executive structures of the organisation, although they believe that they 
should improve their capabilities. It is believed that the industry leaders have adopted 
aggressive SC expertise. The BIC illustrate a three times and five times likelihood of gaining 
closed-loop integration, centralisation, and visibility. 
 
0%
10%
20%
30%
40%
50%
60%
70%
80%
Improved perfect
order metrics
Lower
manufacturing costs
Reduced lead times
to customers
Improved product
introduction success
rates
%
 a
ch
ie
vi
ng
 m
et
ric
 in
 p
as
t 2
 y
ea
rs
Selected top metrics
Relation between best-in-class & other classes
Top Performers
All Others
64 
 
 
Figure 8 Percent achievement comparison for all classes 
 
4.1.2. Case Study: Industry average company drives performance with visibility 
 
The case study below is for one of the major manufacturers of aluminium sheet products and 
related products which has about seven manufacturing plants and warehouses. The company 
discarded an internally-designed application (internal customised ERP system) thereby 
adopting performance management application (built-in in SAP ERP) to allow it to view 
demand planning/ forecast information, besides the integral ERP data, as well as advanced 
planning and scheduling information. In line with this move, the company realised faster 
integration of its novel business with accurate and faster information and better decision-
making. Change in ERP introduced enhanced planning and scheduling programmes that assist 
in assessing various production cost situations and trade-offs across a company’s multiple 
plants (for more on algorithms refer to the methodology section). This involves factoring in 
various constraints including transportation, storage availability, energy, and labour in each 
warehouse and plant.  
 
The advantages include reduced spending by eliminating insignificant cost-lowering inventory 
levels because of more appropriate long-term visibility planning and reducing production-
changeover time. Losses recorded: Companies reported to have lost four days of production 
due to migration to a new ERP system, which took three days to optimise performance. 
0%
5%
10%
15%
20%
25%
30%
35%
40%
45%
50%
Centralized supply chain
management org
Closed loop integration of
supply chain planning &
execution
Data, performance &
process visibility - end to
end supply chain
Data & process visibility:
from plant to top floor
%
 th
at
 b
el
ie
ve
 th
ey
 p
os
se
ss
 c
ap
ab
ilit
y 
to
da
y
Percentage of achievement comparison for all classes
Best in class
All others
65 
 
Respondents reported that migration was a challenge. Because some top management were 
reluctant to change the system.  
 
4.1.2.1. Supply Chain organisation centralisation by best in class 
As illustrated in Figure 8, the best in class lead in centralised SCM. Having a central command 
centre to mitigate the supply chain complexities is a commendable practice. Decentralised 
supply chain as employed by other companies proved not to be beneficial to their performance 
score. This is partly because they performed their activities in isolation with the aim of 
improving their own respective workstations. Workstations downstream are of no concern to 
this type of set up. With this kind of a set-up, any activity being planned or carried out take 
into cognizance the downstream operations and factors that are affected and affecting by the 
workstation in question. This ensures a universal solution for the entire organization. The idea 
of sweating the asset is not advised, as this ideology focuses mainly on individual optimisation 
of the systems, as compared to a holistic system optimisation. 
 
Sixty three percent is cited as the external forecast of the top objective of the management. 
Internal consensus forecasting came second with 49 percent. On the other hand, 46 percent of 
the companies prioritise better utilisation of the actual data on customer consumption. 
According to the research, there are increased concerns over improved analysis of product 
profitability as well as customers, a move directed towards dynamic and frequent S&OP 
applications. Half of the participating organisations expect re-engineering of their supply 
chains in order to reduce production costs. According to the survey, 33 percent of the 
participants are focused on outsourcing manufacturing with 21 percent of them planning to 
open their own new factories, but in low-cost nations. 15 percent aim at using the restructuring 
of their supply chain to close some plants. 
 
In line with transforming the supply chain, half of the top companies and 89 percent of the 
dawdlers plan to employ third-party logistics operations. On the same note, 35 percent are 
focused on expanding their warehousing services. Furthermore, 39 percent are concerned with 
re-engineering their supply chain to consolidate their transportation carriers. Restructuring the 
supply chain further enables companies to shift their inbound and outbound shipments to lower 
modes to cut transportation costs. Factually, 37 percent of the participating company’s state 
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that their re-engineering process will centre on using more ocean transportation, On the other 
hand, 39 percent report they would consider truckload shipments.  
4.1.3. Production Scheduling (Economic Function) 
 
Naturally, production scheduling is the most common type of ‘scheduling’ and aims to 
determine exactly what, when and how orders should be executed in the factory. It is the most 
detailed level of supply chain planning and is concerned with optimisation for the short-term 
planning horizon. Production Scheduling is included when optimising resources in order to 
meet delivery dates while, at the same time, taking the availability of raw materials and capacity 
into account. On the other hand, another type of ‘scheduling’ exists, that is scheduling for order 
shipment to the customers with transportation means in order to collect the orders at the 
distribution centres. In the next section, we adopt a method by Gupta (1969) to solve the 
problem of production scheduling which is expressed in terms of monetary value, other than a 
notion of sweating the assets. This way, as opposed to a common optimisation performance 
measure, “monetary value” is used to determine the profitability of the schedule. The method 
looks at aggregate total of losses; i.e., which includes job waiting costs, penalty costs, machine 
idle time costs and operation costs. We argue in this research paper that the traditional notion 
of sweating the assets causes unnecessary costs downstream, and to avoid that, we subscribing 
to the view of making only products that are sellable, using the “slowest machine in the 
process” as a general drum beat for the whole organizational output rate. 
 
4.1.3.1. Total Opportunity Cost 
Gupta (1969) suggested that total opportunity cost (TOC) which entails a maximisation 
optimisation criterion to solve schedule problem. Mathematically, this is the sum of job-waiting 
costs, penalty costs, machine-idle time associated costs, and operation costs. The individual 
cost elements presented in the research are modified in line with the Gupta’s model. They all 
aim at optimising opportunity costs. The models differ on the introduction of variable 
processing rates in the new approach. While Gupta assumes fixed output rates, the new model 
employs a variable rate to make it more usable by representing the real, practical world. In the 
real world, processing rates vary for various reasons such as machine depletion. In the model 
developed by Gupta (1969), quality factor was never considered and, therefore, it is fair to 
suggest that it does not represent a practical solution. With the model presented below, quality 
factor is also incorporated into the unified cost model due to its relevance and importance.  
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Multiphase methodology, presented below, serves to address production scheduling in terms 
of monetary value, and quantification of disruption factors as an economic metric. It is fair to 
suggest that the model or the approach presented here is a different approach, at least when 
compared to what is already available in the literature. A customised edition of the principle of 
total opportunity cost based on Gupta (1969), is shown below: 
 
Total Opportunity Cost (TOC) = sum of Penalty Jobs Cost (PJC), Defective Products* 
(DP), Job Waiting Cost (JWC), Operation Cost (OC), and Machine Idle Cost (MIC). 
 
* Some scholars exclude the ‘defective product’ as an aspect that enforces quality 
constraints. Companies that exclude defective products are driven by zero tolerance on 
quality defects, although this is practically unrealistic. Defective products, in this case, 
represent a quality factor which makes the model rather more complex to solve 
optimally and a lot more impractical as this implies that a system doesn’t experience 
quality issues with their products. 
 
Below is a list of mathematical expressions of total opportunity costs components and their 
respective discussions. 
 
4.1.3.2. Operation Cost (OC)  
The operation cost within the scheduling horizon has two parts (Mapokgole & Mbohwa, 2012):  
● Setup/ changeover cost, represented by expressions 4.1 and,  
● Processing cost, represented by expressions 4.2. 
Expenses related to changeovers are allocated to the first occupation in a couple of sequential 
employments, e.g., the changeover cost brought about when changing from employment i to 
work j will be appointed to work i.  
Thus, 
 


ijPSj
ijiji XCCCSC *          (4.1) 
where:  
 SCi = changeover price of job i (ZAR) 
 CC = changeover price per unit time (ZAR) 
 Cij = changeover time from job i to j 
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 Xij = binary changeable indicating task of job j after job i 
 
The processing cost of job i is the direct cost of actual compounding process, including labour 
and utilities but, excluding cost of raw materials. It depends on the extruder output rate.  
Hence, iu
iu
i
i WPR
Q
PRCPC ..         (4.2) 
where:  
 PCi = processing price of job i 
 PRC = processing price per unit  
 Qi = size of job i in kg 
 PRiu = processing or amount produced rate of job i on unit u in kg/hr 
 Wiu = double-variable demonstrating assignment of job i to unit u 
 
Taking the whole of the set-up expense and the handling cost of every individual activity results 
in the operation cost (OC) of all employments in the planning skyline. Along these lines a 
timetable can be estimated depending on financial viewpoints as it the case with the customary 
generation plan measures. 
)( 
i
ii PCSCOC          (4.3) 
where: 
 SCi = setup or changeover cost of job i (ZAR) 
 PCi = processing cost of job i 
 
4.1.3.3. Job Waiting Time (JWC) 
It is also fair to conclude that companies lose productivity share if raw materials and unfinished 
goods sit on the plant floor, i.e., waiting for processing due to machine unavailability, or 
missing parts due to surprise shortages or wrong stock records, etc. Capital that is generally 
accessible to create income is tied up in the in-process merchandise. Gupta (1969) classified 
this expense as "work holding up expense", also called "in-process stock expense". Occupation 
holding up expense is characterised as the aggregate of estimation of crude materials required 
for the activity and the ensuing worth that has been added to it by the former generation 
ventures before the progression that require holding up because of machine accessibility or any 
other issue. In stream-lined conditions, instead of fixed-position format, the whole plant can be 
treated as one procedure, since there is no interruption between any of the stages. Along these 
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lines, while figuring the activity holding up cost, merely the expense of crude materials must 
be considered and the extra esteem including the past handling stations can be overlooked:  
)( ii
i
i MCRWTJWC          (4.4) 
where: 
 JWC = total waiting cost of all jobs in the scheduling horizon  
 WTi = waiting time for job i in unit time  
 Ri = expected return of raw materials used in job i 
 MCi = raw material cost of job i 
 
4.1.3.4. Machine Idle Cost (MIC) 
An idle machine leads to lost production opportunity because it ties up occupied capital for in-
process inventory – there is an opportunity cost. Machine-idling cost is directly related to the 
length of time that the machine is not used. It depicts the average revenue that the machine 
could otherwise have generated while producing goods rather than lying idle.  
 
 
u
uu ITRMIC          (4.5) 
where: 
 MIC  = total idling cost of all units u during scheduling horizon  
 Ru = expected rate of return on unit u per unit time  
 ITu = idling time of unit u 
 
4.1.3.5. Job Penalty Cost (JPC) 
JPC to a certain degree can be challenging to enumerate, as not all the output of completion of 
job post the due date can be directly measured. According to this issue, Gere (2002) explains 
in his study that the penalty costs as a result of late deliveries which include contractual penalty 
clauses. This include added expenses as a result of dealing with customer, cost of expediting 
late jobs, and loss of goodwill cost. What makes this difficult to compute is the determination 
of loss due to goodwill. When a customer is baffled with the organisation’s methods this may 
incite lost arrangements later on or possibly hurt the organisation’s reputation leading to the 
loss of other potential customers. Purchaser dependability should always be a priority. It will 
be acknowledged that penalty cost is relative and grows with delay of the movement. It can be 
calculated as shown below:  
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 
i
ii PnDJPC          (4.6) 
where:  
 JPC = total penalty cost of all jobs in scheduling horizon  
 Di = tardiness of job i in unit time  
 Pni = penalty cost for late job i  
 
4.1.3.6. Total Opportunity Cost (TOC)  
In the current study, TOC describes the total opportunity cost. It is realised by the sum of 
expression 3.3 to expression 3.6. Thus,  
 
JPCMICJWCOCTOC          (4.7) 
 
From the right hand side of the above main expression; expression 3.3 is OC; 3.4 is the JWC; 
while 3.5 represents MIC; and 3.6 is the JPC.  
 
Practically, another way of addressing the open door misfortune arising from inadequate items 
can be characterised as the items that don't meet quality details expected and this can be 
incorporated into the all circumstance cost (condition 3.7). A few organisations would contend 
that they go for zero resilience on damaged items. Be that as it may, considering the viable 
circumstances it turns out to be additionally important to present as well as incorporate the 
equivalent in the last articulation. In the event of a term signifying misfortune because of value 
issues, it can conceivably enable the scientific model to create an answer that envisages 
outcome in a lower all-out circumstance cost, yet settling on quality while expanding 
generation costs due to disposing of as well as reusing imperfect items. By including this term, 
the articulation above then changes to the accompanying:  
 
DPJPCMICJWCOCTOC         (4.8) 
 
Where the last expression (DP) represents the defective product, 
 DP = defective products due to quality issues, which can be given mathematically  
 as: OIDP   where: 
    I  = input 
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    O = output 
 
Defective product (DP) is comprehended as the contrast among information and yield; 
estimated per booking skyline. Be that as it may, this arrangement has its impediments as it 
doesn't consider abandons along the generation line. For this sort of figuring, we utilise 
anticipated return of the item (cost charged legally to the customer and not producing costs) – 
this assurance creates precise outcomes. 
 
Objective function: DPJPCMICJWCOCZTOC  -the streamlining foundation for this 
booking issue is the complete open-door cost Z. An ideal calendar will be a timetable that limits 
the complete open- door cost, while considering every single relative requirement. 
 
4.1.3.7. Method Comparison  
The method of measurement used for comparison of the total cost of a schedule obtained by 
minimizing one of the optimization criteria and one obtained by minimizing the total 
opportunity cost is called the “precisional efficiency”. Let Cno be the total cost of the schedule 
as defined by Equation 3.7 and 3.8, obtained by optimizing the nth criterion, and let Clo represent 
the total cost of the schedule obtained by minimizing the total opportunity cost, then the 
precisional efficiency of the nth criterion of optimality is defined by the equation 9 below:  
 
1001 x
C
CC
no
ono
n
          (4.9) 
The precisional efficiency evaluates the percentage deviation of the total cost of a schedule 
from the total cost of the optimal schedule obtained using minimization of the total opportunity 
cost as the optimality criterion.  
From articulation 3.9 above, related measure called "effectiveness" can likewise be determined. 
If the total cost of a schedule obtained by optimizing the nth criterion is the same as the one 
obtained by optimizing the total opportunity cost, then Cno = Clo. This makes the precisional 
efficiency to be zero (0) and the effectiveness of such a schedule would be 100%, yielding the 
same results cost-wise as a schedule generated by using the total opportunity cost as the 
criterion of optimality. The lower the precisional efficiency, the more effective the nth criterion 
is. Relationship is given below: 
nn 100           (4.10) 
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4.1.3.8. Problem Constraints 
Below are definitions and respective formulations of production schedule optimisation 
criterion. Information required for the determination of the production schedules are 
categorised as parameters. These are fixed values that are dependent on the job (Mapokgole & 
Mbohwa, 2012).  
 
Let: 
Di  tardiness (i.e., delays in completion after due date) of job i 
ITu  idle time of unit u 
LTF  latest completion time of set of jobs  
PRi  output rate of job i on unit u 
TFi  completion time of job i 
TSi  starting time of job i 
TT  total tardiness in days 
WTi  waiting time of job i 
Wiu  assignment of job i to be processed on unit u 
Cij  changeover time from job i to job j in days 
Qi  size of job i 
Ri  expected rate of return on raw materials 
Ru  expected rate of return on machine 
RTOi  release time of job i 
RTUu  release time of line u 
 
4.1.3.9. Definition of Tardiness 
Tardiness is one measure that relates all the more intimately with authoritative gainfulness. It 
is the positive contrast between genuine fruition time of a request and its objective due date. In 
the event that, for instance, a request is finished preceding the due date, at that point it would 
have been ‘earliness’, and fulfilment precisely, of course, as it would have a lateness of zero 
(0). Whereas, if the objective due date of a request s, and the actual completion time of the 
order was s+3, the lateness of the job would be: 
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4.1.3.10. Definition of Order Completion Time 
The completion time of an order is simply given as sum of the starting time and its processing 
time, as given below:  
 
iu
i
iuii PR
Q
WTSTF           (4.12) 
 
4.1.3.11. Definition of Job-Waiting-Time 
 
This measure is important for the determination of the opportunity cost of jobs waiting 
processing. From the moment a job is released for processing until the actual completion 
starting time of the job, materials are tied-up as in-process inventory costs instead of being 
transformed into much more valuable finished product 
 
iii RTOTSWT           (4.13) 
 
4.1.3.12. Completion Time of Last Job Processed 
 
This is also an important measure for determining total opportunity cost for a certain scheduling 
horizon. The latest completion time of all jobs i can be derived from the following equation: 
 
ii TFLTF           (4.14)  
 
4.1.3.13. Definition of Unit Idle Time 
 
Simply stated, the idle time of a unit is the actual time that the unit is not processing any jobs. 
Therefore, the idle time of unit u, is the latest completion time of the last job in the production 
schedule less processing times of all jobs allotted to the same unit while considering respective 
jobs released times. The justification in using the latest completion time of the last job in the 
74 
 
entire schedule instead of the last job in the entire schedule instead of the last job assigned to 
that particular unit is that, even though one particular unit may have complete processing all 
jobs assigned to it, it is still sitting idle while other units are still running. 
 







uIi iu
i
iuu PR
Q
WLTFIT         (4.15) 
Considering all expressions, from 3.1 to 3.15; a scheduling model is developed considering all 
factors as discussed above. It is assumed that the schedule constructed following above 
criterions and respective constraints shall represent if not more closely a real world 
phenomenon under stochastic environment. 
 
4.1.4. Production Scheduling Approach: Slotting Room 
 
Contemporary production scheduling application and software currently in existence seldom 
addresses practical problems of the manufacturing Supply Chain Systems. This is worsening 
and creating scheduling system problems in companies with very high levels of manufacturing 
bill-of-materials (BOM). In this section, production planning methodologies and disruptions 
for the executives are assessed and examined through a pragmatic modern idea appropriate for 
tending to these issues. We use  a space allotment process which begins by issuing an opening 
number to a client-affirmed request and which finishes when it is acknowledged in the line by 
activities arranged dependent on the generation limit. We conclude this segment by observing 
and relating market needs with accessible assembling limits and provider limits by utilising a 
fundamental hypothesis of work estimation. The rationale behind ‘production slotting’, control 
and management is discussed. It must be acknowledged that this is more of a practical case 
than a theory. For the sake of clarity of meaning, in this study, overtime is addressed as “Extra 
Time” and slots as “Openings”. 
 
4.1.4.1. Number of Slots or Openings 
Background data to identify available slots or openings is as per the following: available 
production capacity (which is communicated in daily hours) where real time available for 
creation is distinguished. Extra time is limited when deciding standard assembling accessible 
limit. A special case: extra time includes spaces on the off-chance that when clients' necessities 
go past typical accessible openings (rare premise), i.e., reacting to varieties (known as 
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commotion in differential conditions) brought about by postponement, non-conformances, 
quality non-conformances, and so on. 
 TAKT time (expressed in number of units per day) – total number of units in the order 
book per year divided by the number of available production days. Time frame is 
dependent on the production lead times.  
 TAKT time is compared to average cycle time to complete a customer order.  
 Check that X (TAKT time x average cycle time) < Y (capacity available per day). If X 
is greater than Y, then TAKT time may not be met consistently.  
 
Production resources, considered here, are that of a contemporary manufacturing line (a 
process of turning out a finished product), an assembly line, etc. Each movement of material is 
simple where arbitrary or backtracking movements are not allowed. As the units move past a 
work centre, each worker along the line performs a specific function. In some cases, most 
products are still assembled by hand because many component parts are not easily handled by 
a simple mechanism.  
 
Assigning slot numbers can be accomplished in the following ways:  
When the changeability of process duration to finish creation units isn’t excessively a long way 
from last and most extreme process durations:  
 
 The number of spaces winds up as an accessible limit every day, isolated by normal 
form (creation) time per generation unit. The openings of creation units must not 
overload the limit of the gathering load; this technique has a fixed, moderately steady 
daily number. There is the need not to overbook the limit with a large number of 
generation unit spaces as some perhaps are over the normal because of size or 
potentially multifaceted nature of the unit considered;  
 If the inconstancy of process duration to finish creation units is medium, or the normal 
process duration for one kind of a unit varies a lot from others then identify small , 
medium and vast unit classifications and relegate various openings for every class every 
day (e.g., one day may involve three small spaces, two medium openings and one 
substantial opening), a few small as well as large openings can be substituted by one 
extensive one if a need emerges and the other way around;  
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 If the inconstancy of process duration to finish generation units is high, and there are 
not classifications that can effectively be framed then define the quantity of openings 
by filling spaces in a generation day by extending real limits with real 
creation/gathering time. However, this won't make the quantity of spaces every day 
equivalent in light of the fact that the quantity of openings will change with creation 
time, but there is less danger of over-booking the limit. 
 
4.1.4.2. Job Cards  
Job cards represent a main device and contain the item’s sequential number, item particulars, 
client names, organiser capability, request date, arranged culmination date, bill-of-materials 
(just as if no designations [system allotments allude to parts hypothetically held for explicit 
pumps] - whenever apportioned, part number tumble off the activity card), and so on., An 
example of a work card is illustrated in Figure 9.  
 
The opening process is overseen by practically all partners from Sales to Logistics and every 
key player goes to these meetings which are booked for suitable times. Every key player has a 
photograph for assignments designation purposes. A Request book is discussed from blue hued 
work cards (siphons with insignificant or no assignments) which includes all parts deficiencies, 
to items held up in dispatches. Procurement affix anticipated delivery dates as per order 
acknowledgements from suppliers for production units with minimal or no allocations (or parts 
shortages). All disruptions are featured and subjected to capable critical thinking concerning 
the problem. 
 
Figure 9 Example of a Pump Job Card 
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This process consists of the following operations or work stations: Arranging Slotting (new 
request default status, request is outside assignment window - parts as yet being secured), 
Slotting Room (client request falls inside the portion window and parts are  allotted to the 
request), Picking (just 100% distributed siphons are sent for picking where the parts are 
physically dismantled off the stockroom. ), Production (contains four cells: it is then opened 
dependent on the generation unit measure; e.g., Figure 8), exposed shaft units without 
additional items are sent to Inspection (for inward discharge) after creation per production, and 
orders with extras go through Fitment, and, thereafter, to Inspection. 
 
 
Figure 10 Job cards for production units slotted and in production 
 
The slotting wall consists of all these workstations: i.e., it is an actual reflection of what is/has 
happened on the shop floor. On the off chance that Cell 1 indicates 12 siphons pending handling 
or being prepared, the divider likewise reflects the same. The divider is constant and is 
refreshed each passing second of the day. From picking activity to the last task, all activities 
has what is classified "wiped out narrows or emergency clinic or isolate": this is worked in to 
provide food for unexpected interruptions that obstruct the activity from continuing to the 
following workstation for different reasons (e.g., surprise shortages, manufacturing problems, 
engineering designs issues or quality-related problems, etc.). All orders under this section are 
discussed thoroughly and actions are assigned to relevant individuals as discussed above 
(photos and expected due date are pinned on the job card with the action to be taken). Progress 
is discussed daily, and any deviation, if any, is highlighted before the system is disrupted.  
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4.14.3. Slot Number  
Upon receipt of a tender, the accompanying data is utilised by the arranging office to ascertain 
or potentially decide on a space number. There is one space for each request. Designated 
openings are followed on a timetable (paper or electronic). Deals requiring change are referred 
to the deals office or where the client changes the deal a new opening number is given to that 
request and is dependent on the level of the change. Note the following:  
 
 Quotation of engine conveyance from acquisition;  
 Sufficient data for setup gathering to finish siphon bill of material (BOM) so as to meet 
lead time required for all segments parts;  
 Confirmed finishing dates for building changes;  
 Parts with longest lead time basically decide the normal siphon begin date and the finish 
date;  
 Given distinctive lead time per parts, MRP is intended to make arrangements 
ceaselessly dependent on the begin date,  
 All exceptional necessities are featured before opening, and lead time consolidated in 
the siphon lead time, e.g., gear boxes, mechanical seals, parts with unique material 
accessed from afar, and so forth.  
 
Standard creation unit lead time is determined and dependent on the standard lead times for 
individual segments that make up bill-of-materials. These standard lead times are promptly 
accessible (through organisations' structure-handling work process) and the favoured provider 
focuses on them. If there should be an occurrence of uncommon segments, citations 
enumerating foreseen conveyance dates are obtained from the provider preceding submitting 
or opening a generation unit. Endless supply of this data, arranging the office then determining 
production space and guidance deals to exhortation the client with the practical submitted dates. 
Openings are dictated by assessing the greatest lead-time items on the bill of material and 
searching for the following accessible space on the logbook. The long lead time investigation 
might be computerised through the utilisation of ‘Available To Promise’ (ATP) functions 
within ERP.  
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4.1.4.4. Slot Number Management  
The Planning department manage this function once all pumps are completely configured. 
Frozen Period: the space relegated in the framework should be cleaned up all TBA (to be 
exhorted segments, i.e., parts that were yet to be finalized) or adjustment inside a fixed number 
of weeks before planned assembly date. On the off chance that, for reasons that are unknown, 
(inward or client delay), extraordinary parts (TBA) are not indicated inside the start of the 
frozen period, salesmen will just have weeks to legitimize why the item ought to hold the 
opening, and, in the event that the reason isn't acknowledged, at that point the item is moved 
out of the space and the procedure should begin again, depending on what data is absent or 
short. 
 
4.1.4.5. Lead Time Management  
Long lead time items - all long lead time items are well considered in product lead time 
calculation and special material (i.e., customised items) extract must be established from past 
sales to determine or commit lead time. Changes past the freezing period will need only the 
conformity from the applicable party, e.g., Operations (for in-house manufactured components) 
and Procurement (for parts which are procured). During project order activation, sales liaise 
with the supplier to ensure that special components are delivered within a set or defined time 
frame. 
 
Figure 11 Pump Slotting Process Overview 
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Figure 12 Green and blue Job Cards 
 
4.1.4.6. Production Levelling  
Heijunka - production scheduling levelling of work centres is carried out through utilising 
visual arranging boards. The number of spaces every day per creation focus are resolved and 
looked into consistently. This survey comprises market needs, interior limit accessibility, future 
request figures and provider limits. The setup of a number of spaces will give the TAKT 
estimation to guide procedure. On the off chance that there are operational limit imperatives 
(e.g., confinement of the quantity of extensive items which can be created at one time), these 
limits are included in the opening procedure to anticipate over limit and are conceivably under-
estimated.  
 
Microsoft Excel ‘questions’ or news is created to help with client requests. This report is 
connected to an ERP framework and features workstations that are over-burdened with work, 
which help amid siphon opening to perceive how stacked workstations are preceding affirming 
spaces to the client. That is when the Heijunka standard is utilised to aid generation levelling. 
For business contextual analysis, consider a generation line comprising four diverse work 
stations, assembled by numbering of cells (e.g., Cell 1, Cell 2, Cell 3 & Cell 4). Cell 1 
assembles horizontal small pumps (three employees), Cell 2 is for medium to large pumps (four 
employees), Cell 3 is for vertical spindle pumps (three employees), and Cell 4 is for pumps 
dewatering, or a special range of pumps (three employees). Production capacities are as 
follows:  
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Table 3 Workstations Capacities  
Workstations Cell 1 Cell 2 Cell 3 Cell 4 Total 
Daily Capacities 10 6 4 2 22 
Weekly Buckets 45 27 18 9 99 
 
Data collected from the production test bed of the Weir Minerals. 
 
Week by week production of cans are determined by every day limits and duplicated from 
Monday to Thursday in addition to half day-by-day generation for Friday. Whole request books 
are divided  into weeks per station of works, i.e., if arranging stacked in excess of 45 siphons 
in Cell 1 for Week 42, this will be featured through MS Excel contingent organising to help 
the opening faculty to level creation. However, in the event that week after week creation is in 
excess of 99 siphons, similar levelling procedures are utilised.  
 
This framework is maintained by open correspondence between different divisions from deals 
to co-ordination. To help this correspondence, a manual visual following of siphons spaces for 
the time is proposed. Procurement departments meet daily to ensure that all parts showing as 
shortage or ‘still outstanding’ are identified and take measures to fix expected delivery dates 
of individual items per each shortage, therefore , making it visible in the slotting room. Another 
practical way of looking at this anecdote, is considering the situation below. 
 
 Production Leveling (Heijunka) 
Improving the products prepared for a customer is relatively constant and helps in improving 
the production of Heijunka for a longer period of time and, in some cases, it takes a shorter 
period to improve the production of items with Heijunka. The procedure of Heijunka occurs 
during the procedure of product variation that focuses mainly on the concept of breakdowns, 
planning, stoppage and scheduling of products that are prepared with the help of Heijunka. 
However, the efficiency of work in the particular organisation focuses on improving the 
constant flow and the standard of work done in improving the production procedure with 
Heijunka. When improving the production procedure with Heijunka, it is necessary to waste 
less time in producing new and innovative products that help in increasing the demand in order 
to satisfy the demand of the market. To improve the market it is necessary to increase market 
demand and, consequently, increase the production facility in the organisation. Increase the 
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demand for the Heijunka increases the production level and also helps in the probability of 
producing new products in the organisation. Excess in the fluctuations in the production facility 
leads to an increase in waste materials in the company. The fluctuation procedure arises due to 
elements and resources that are made for improving the production procedure in the 
organisation. Fluctuations in production price are due to the flexibility of a system that is 
comparatively costly and requires procedures for lowering the fluctuating procedure.  
 
 
Figure 13 Steady & Unsteady Production Flow (Mapokgole & Mbohwa, 2012) 
Assuming this process is followed, the sections that are not required emphasise the need to 
increase the quality and time in order to increase the cost of variations so that the procedure 
continues to increase its level. In the case of fixed or constant demand, the level of production 
is simplified which, in turn, facilitates and improves the production process with Heijunka. In 
order to increase production, new techniques can be introduced that help in increasing products 
in the organisation. Based on this schedule the importance of production with Heijunka needs 
to be improved. 
 
Heijunka emphasises on introducing new art based on lawn work. The theory of Heijunka 
focuses on the art of cutting the lawn only for a particular week. The effect of cutting the lawn 
helps in improving the daily production procedure. It also impacts on improving the resources, 
preparing time and gathering resources from various areas. Based on the schedule table, a clear 
idea regarding the lawnmower concept can be improved upon and the production with Heijunka 
can be changed on the basis of the schedule table. This procedure is related to the over-loading 
of machines and gathering information from the last two weeks which the overworked machine 
produced. This overworking procedure affects the mechanic’s life negatively and the 
production level does not focus on ensuring the share on the basis of producing new resources. 
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4.1.5. Disruption Management 
 
It is also evident that a key to managing supply chain disruptions lies in the mitigation 
strategies. With disturbance improvement it will never be possible to remove totally the chance 
of a troublesome event occurring. Therefore, supply chain leaders should have processes which 
aim to recognise, analyse and evaluate risks and, through discussion, agree upon levels of 
residual and tolerable level of disruption, and to take decisions to mitigate the possible threats. 
These are business processes that manage operations normally even when random disruptions 
occur. It is significant to know the nature of problems. Mathematically, risk or disruption can 
also be expressed as follows: 
𝑅𝑖𝑠𝑘 | 𝐷𝑖𝑠𝑟𝑢𝑝𝑡𝑖𝑜𝑛 =  ቀ ௩௨௟௡௘௥௔௕௜௟௜௧௬ ௫ ௧௛௥௘
௖௢௨௡௧௘௥ି௠௘௔  ௦௖௢௥௘
ቁ  𝑥 𝑣𝑎𝑙𝑢𝑎𝑡𝑖𝑜𝑛   (4.16) 
Where  
 ‘Valuation’ can be seen as the estimated value to the association of the supply chain 
that is at risk. 
 ‘Threat’ ranges from nil percent, implying no risk, to one hundred percent, implying 
constant threat. 
 ‘Counter-measure’ is the  precise actions we utilise to alleviate the threat to the supply 
chain systems. 
 ‘Vulnerabilities’ are weaknesses in the supply chain system. No system is seen to be 
100 percent perfect, all of the time as supply chain systems are always prone to 
disruption. 
This is just another way to view risk and/or disruption of any system. Businesses can calculate 
possible disruptions of their supply chains with this formula. In fact, this calculation can play 
a significant part of the business administration as it allows businesses to calculate the Return 
on Investment (ROI) they are likely to achieve by implementing the new counter-measure. 
System reliability becomes a key element in supply chain, as it guarantees uptime of the system 
which translates to value if properly used. Element of reliability of the supply chain is discussed 
below. 
4.1.6. Reliability Engineering of the Supply Chain 
 
Supply chain disruptions have an indirect, inverse relationship with the reliability function. For 
the sake of this research, the reliability engineering principle is also explored to assist in the 
creation of a robust, ‘lean’ supply chain organisation, i.e., a flexible arrangement. The outcome 
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of this research suggest a unified model consisting of various factors, more like a multifactor 
approach. Below is a step-by-step approach on how to measure supply chain system reliability: 
In a 10-year study, Chapman (2001), stated that supply chain disruptions explained about thirty 
one percent of profit losses, one percent for the decrease in market sales and just over one and 
half percent increase in costs. A company could be more competitive should they dispense with 
these losses.  
 
As the variability of offerings decreases, supply chain disruptions increase (refer to the figure 
below). A business with many products can deal easily with supply chain disruptions by 
focusing on alternate product lines. Production schedule changes produce product mix that is 
not optimal and increases inventories for final products and these, in most cases, carry expenses 
that minimise earnings and this can be categorised into two: objects release failure and 
defective raw materials. 
 
 
 
Figure 14 Effect of Supply Chain disruptions on offering diversity (Chapman, 2001) 
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4.1.6.1. Delivery Failure of Material 
Assume that there is late delivery and no delivery at all for raw materials, with companies 
striving for just-in-time supply organisation solutions to meet overheads. According to Droge 
(1998), this makes perfect sense as most businesses carry twenty two percent inventory-
carrying costs annually. These include, but are not limited to, the cost of warehousing, material 
handling, obsolescence losses to name a few. For reliable infrastructure and distribution 
systems, companies should opt to reduce the amount of inventory level to as little as possible. 
For unreliable distribution systems, it’s not a good idea for companies to save costs by reducing 
the inventory levels, as this may prove to be false economy.  
 
As much as a just in time inventory is a company’s objective, if it fails to achieve enough 
distribution reliability, this will not be realised and it is becoming important to conclude that 
the real purpose is to maximise return on resources and retain more buffer to account for /or 
react to any surprise shortages.  
 
4.1.7. Supply Chain Measuring System 
4.1.7.1. A New View of Measurement Systems 
The literature frequently deals with estimation framework configuration and concentrates on 
either what measurements convey in specific circumstances and their natural qualities, or on 
the direction towards building up a legitimate estimation framework. While estimation 
exercises at the most minimal phases of framework is considered to be divided, it is 
recommended that some sort of model structure should occur at the senior phases when 
considering frameworks and this sort of model structure isn't regularly reflected in the literature 
but has, however, been recommended by Eccles and Pyburn (1992). One result of the idea that 
a production network must be seen as one element is that the estimation framework should 
traverse the whole supply chain where all the segments in the estimation framework must be 
measured throughout the supply chain.  
 
The headway in data innovation and database strategies makes it fascinating to generate new 
answers for estimation techniques. However, structuring basic techniques for estimations will, 
in all probability, be troublesome to separate. One reason is that numerous organisations have 
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a mix of new and old PC frameworks, PC programming and database structures that will 
prevent them from trying this.  
 
4.1.7.2. A proposed structure for execution estimation  
An inventory network exhibition estimation framework that comprises a ‘solitary act’ measure 
is deficient since it isn't comprehensive. It overlooks the proficient associations among 
significant inventory network qualities, and disregards basic sections of hierarchical key 
objectives. Vital objectives include key components that incorporate the estimation of assets, 
yield and adaptability. An effective framework is one that is comprehensive as well as inclusive 
of every one of these variables. Assets and yield measures have been broadly utilised in supply 
chain models, and numerous scientists have dismissed ‘adaptability’. In spite of the fact that 
adaptability has been restricted in its function to frameworks of supply chains, numerous focal 
points exist in an adaptable inventory network.  
 
The utilisation of assets, the ideal yield and adaptability (how well the framework responds to 
vulnerability) have been recognised as essential parts to supply chain achievement. 
Accordingly, an inventory network estimation framework should rank the three separate sorts 
of execution measures: output measures (O), resource measures (R), and flexibility measures 
(F). Each of these three types of measure performance has different goals, as shown in Table 4 
below.  
 
Table 4 Goals of Performance Measure Types 
Performance Measure Type Goal Purpose 
Resources Optimal Utilisation Direct proportion to profitability  
Output Customer Satisfaction With no acceptable production rate 
clients turn to other Supply Chains 
Flexibility Capability to act in response to an 
ever-changing environment: 
system robustness  
In a random/stochastic 
environment, Supply Chains must 
be able to react to change 
spontaneously.  
 
The progress of supply chain should gauge every one of the three kinds (R, O and F), as 
everyone is fundamental to general execution accomplishment of the production network. 
Every one of three kinds of measures has significant qualities and every one of these influences 
the others. The inter-relationship among these kinds of measures is showed in Figure 1 below. 
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Figure 15 Measurement System of the supply chain 
 
The supply chain execution estimation framework must contain at least two, if not all of the 
three sorts and should agree with the organisation’s key objectives. This estimation framework 
would then be able to permit study of the communications among the measures or, in any event, 
guarantee a base level of exhibition in various territories. Each kind of execution measure is 
discussed in the accompanying sub-areas, while accentuating that those which we accept have 
been disregarded by analysts.  
 
4.1.7.2.1. Resources (R)  
Asset measures include: stock dimensions, work force prerequisites, equipment utilisation, 
vitality utilisation, and cost (degree of profitability - ROI). Assets are commonly estimated in 
wording of the least prerequisites (amount) or a proficiency measure. Competence estimates 
the use of assets in the frameworks utilised in its targets. Asset estimation is a significant part 
of the measurement framework. Too many assets can influence the yield and the flexibility of 
the framework adversely and increase the framework's prerequisites unnaturally. Organisation 
competence is mathematically given as:  
 
𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =  ை௨௧௣௨௧ (௪௢௥௞ି௢௨௧)
ூ௡௣௨௧ (௪௢௥௞ି௜௡)
 𝑥100%      (4.17) 
 
Where output is the work done by a system input is the amount of work exerted on a machine.  
 
R 
F O 
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One general objective of production network examination is asset minimisation. Although a 
base dimension of yield is regularly indicated, the impact of reducing resources on the 
adaptability of the inventory network isn't frequently considered. A supply chain might be 
reconfigured with diminished assets while present requests are met, yet such transient 
investigations don't represent the dynamic nature of demand. Accordingly, assets are identified 
with the framework's yield and flexibility of execution.  
Below is an inventory network of asset performance measures:  
 
 Total cost: all-out expense of assets utilised;  
 Distribution costs: absolute expense of conveyance, including transportation and 
dealing with expense;  
 Manufacturing cost: absolute expense of assembling, including labour, maintenance, 
and re-working costs;  
 Inventory: costs related to held stock; and  
 Return on speculation (Investment) (ROI) which measures the capacity of an 
organisation to attain its goals. The arrival on speculation is commonly given by the 
proportion of net benefit which adds up to resources.  
 
4.1.7.2.2. Output (O)  
This measure of yields includes, among others, responsiveness of clients, quality, and the 
amount of conclusively created items. Yield work is interrelated with asset effectiveness; it 
alludes to the first articulation (above). Measures of many yield executions are represented 
numerically, for example: 
 
 Created number of things;  
 Required time to create a specific thing or set of things; and 
 On-time Number of conveyances (guidelines).  
 
Yield execution estimates must comply with the organisation’s strategic objective. However, 
they should likewise relate to the clients' objectives and values, since key objectives for the 
most part address meeting client prerequisites. For example, Corbett (1992) recognises 
furnishing makers who found that their clients really esteemed conveyance with unwavering 
quality more than quick conveyance. Despite the fact that lead times might be critical to the 
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maker, on-time delivery was imperative to the client. In cases like these, both of these output 
measures of performance ought to be used. The following is a model of inventory network 
yield measures of performance:  
 
(i) Complete income-sales;  
(ii) Earnings: complete income fewer costs; and  
(iii) Fill up charge: extent of requests filled right away:  
 Target-fill rate accomplishment. Whatever degree an objective-fill rate has been 
accomplished; and  
 Norma-thing fill charge. Total fill rate separated by the quantity of things.  
(iv) On-time conveyances: trial thing, request, or item-performance delivery  
 Product lateness: delivery date less due date, 
 Average delay of orders: aggregate delay separated by the quantity of requests, 
 Orders, Average earliness: aggregate earliness separated by the quantity of requests; 
and  
 On-time percentage conveyances: percent (%) of requests conveyed at the very latest 
the due date.  
(v) Backorder/stock out: measures item-, requests, or item-- availability performance:  
 Supply-out likelihood: immediate likelihood that a mentioned item is out of stock;  
 Quantity of delay purchases: number of items put on a ‘rain check’ due to stock-out;  
 Quantity of stock-outs: number of mentioned items that are out- of- stock.  
 Standard delay purchase stage: various items put on a ‘rain check’ separated by the 
quantity of items.  
(vi) Client-reaction time: measure of time between a request and its corresponding conveyance;  
(vii) Mechanised lead time: aggregate sum of time required to create a particular item or clump  
of items;  
(viii) Delivery mistakes: number of mistaken shipments made; and  
(ix) Client grievances: number of client grumblings experienced.  
 
Assets influence the yield of a supply chain, and the yield of the inventory network framework 
(quality, amount, and so forth.) is significant when deciding the adaptability of the system. 
Flexibility function is discussed below. 
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4.1.7.2.3. Flexibility 
Flexibility depends on how adaptable businesses are, a few preferences of adaptable supply 
chain frameworks are:  
 Quality reduction of delay purchases;  
 Quality-reduction of lost deals;  
 Recently arranged quality reduction;  
 Increased consumer loyalty;  
 Capability to react to and suit request varieties, for example, regularity;  
 Capability to react to and suit times of deprived assembling execution;  
 Ability to react to and oblige times of deprived provider execution;  
 Capability of reaction and oblige times of poor conveyance execution; and  
 Capability of reaction and oblige new items, new markets, or new contenders.  
 
4.1.7.2.4. Adaptability 
This is only used periodically in inventory network examination and can gauge the capacity of 
a system to suit level and supplies timetable changes, makers, and clients. Indeed, adaptability 
is imperative to the accomplishment of the production network, since the existence of a supply 
chain in an unsure domain. Slack (1991) distinguishes two sorts of flexibility: adaptability that 
extends adaptability and reaction. Range-adaptability is characterised by the degree to which 
the activity can be altered and Reaction- adaptability is characterised as the change with which 
the task can be altered.  
 
 A point of confinement to the variety and reaction adaptability of a supply chain can intend to 
adjust satisfactorily to the questionable surroundings. For a precedent, a decrease in framework 
assets may influence the supply chain's adaptability adversely. A supply chain might be 
presently using its capital efficiently, and delivering the ideal yield, however, the question is 
will the inventory network be capable of adjustment changes in, for instance, item request, 
fabricating unreliability, the presentation of new items, or provider deficiencies? Accordingly, 
adaptability is important in supply chain execution. 
 
 A quantitative way to deal with adaptability estimation  
There are various adaptability measures for assembling frameworks (FMSs) in existence and 
their influence on plant and machine levels has been well-examined. Sethi and Sethi (1990) 
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and Gupta and Goyal (1989) have done exhaustive surveys concerning assembling flexibility 
of systems. Notwithstanding this, as recently expressed, the estimation of large adaptability, 
progressively complex frameworks, for example, production network frameworks, have been 
addressed. Flexibility measures are not the same as asset and output measures. Slack (1983) 
shows that adaptability estimates potential manners, whereas other destinations of operations l 
are really shown by the system’s operating conduct (execution). Here, adaptability does not 
need to be demonstrated by the framework for it to exist. Slack (1983) recognises factors that 
cause trouble in estimating the adaptability of a whole creation framework. These elements are 
listed below:  
 Elasticity is a proportion of potential;  
 Suppleness must be connected to other creation targets, for example, volume or 
conveyance; and  
 Various components of adaptability (range and reaction).  
 
Das (1996) assumes that each assembling office experiences different changes to various 
degrees, and that noticeable changes in the variety of these and, a few unique kinds of 
adaptabilities might be appropriate. Given the intricacy of evaluating a framework's 
adaptability, different estimates for elasticity in assembling frameworks have been developed. 
Slack (1991) characterises framework adaptability as the adaptability of the entire process. He 
further distinguishes four kinds of framework adaptability, as shown in Table 4. Every kind of 
adaptability estimation relates to conditions of range and reaction pursued by their separate 
scientific articulations in the accompanying areas. All of these framework adaptabilities may 
well be connected to systems of a supply chain. In any case, no one sort is fitting for each and 
every supply chain. Probing recorded information for the framework can demonstrate which 
adaptability measure types are suitable for which supply chain. Table 4 distinguishes attributes 
of the supply chain and their adaptability types. Even though these framework adaptability 
types are appropriate to supply chains, various kinds of FMS adaptabilities have been 
recognised in the literature. Many of these may be applicable to explicit inventory network 
frameworks However, given the inclusiveness of all uncertain conditions in which production 
network frameworks exist, volume flexibility is usually attractive.  
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Table 5 System Flexibility Types 
 Type System Flexibility  Definition  
 Flexibility Volume Capacity of changing dimensions of yield of items produced– variable 
interest; 
Delivery Flexibility Capacity to change arranged conveyance dates – conveyance dates change 
unannounced, and costs are associated with not meeting new conveyance 
dates;  
Volume-mix Flexibility Capacity to change items assortment – steady interest for various item 
types; and 
New Product Flexibility Capacity to present and create new items, incl. items adjustments – items 
with short process durations. 
 
 Volume flexibility (Fv) 
Sethi and Sethi (1990) point out that a speculation of volume adaptability is to measure the 
scope of volumes where the association can continue beneficially. For mechanised frameworks, 
the improvement of quantity adaptability measures in general has been considered the expenses 
related to volume changes. For the growth of an inventory network volume adaptability 
measure, we are intrigued by how a great part of the interest can be met bearing in mind the 
scope of volumes that are productive. With regard to volume adaptability measure, Fv, 
measures the extent of interest that can be met by the supply chain framework. To start with, 
we accept the viable setting that request volume (D) is an irregular changeable with a rough 
typical dispersion, i.e., D ~ (𝑁(𝜇𝐷, 𝜎ଶ஽) and describes Omin and Omax as the least amount and 
utmost production volume during any period, in that order. When we presume that the supply 
chain has enough data concerning demand volumes, then the parameters of the distribution for 
D (𝜇𝐷, 𝜎ଶ஽ ), matching to the demand of mean and variance demand, can effectively be 
estimated as 𝐷ഥand 𝑆஽ଶ, in that order, where:  
 
𝐷ഥ = ∑ ௗ೟
೅
೟సభ
்
          (4.18) 
 
𝑆஽ଶ =
∑ (ௗ೟ିௗത)మ೅೟సభ
்ିଵ
         (4.19) 
 
Where dt is the requirement during period t, and T is the number of periods considered. 
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From table 2 it follows that volume flexibility (Fv) can methodically be given as follows: 
 
𝐹௩ = 𝑃 ቀ
ை೘೔೙ି஽ഥ
ௌವ
≤ 𝐷 ≤ ை೘ೌೣି஽
ഥ
ௌವ
ቁ       (4.20) 
 
or 
 
𝐹௩ = ∅ ቀ
ை೘ೌೣି஽ഥ
ௌವ
ቁ − ∅ ቀை೘೔೙ି஽
ഥ
ௌವ
ቁ       (4.21) 
 
Where  𝐹௩ ∈ [0,1] , and 𝐹௩ stand for the long run extent of interest that can be met by the 
production network framework. The connection is shown in the figure below, in which the 
interest is institutionalised and indicated as a benchmark with mean 𝜇஽  and standard 
deviation 𝜎஽.  
 
 Case Study (Volume Flexibility) / Simulation Data 
Suppose a particular supply chain has 32 weeks of weekly demand volume data available, these 
are confirmed demand from clients and manufacturer produced based on customer demand – 
or manufacture to order. These data are given below in Table 5, for simulation (as presented in 
the paper by Mapokgole & Mbohwa, 2012).  
 
Table 6 Weekly Demand –Production pumps 
time 
(t) 
Demand 
(units) 
Time 
(t) 
Demand 
(units) 
Time 
(t) 
Demand 
(units) 
Time 
(t) 
Demand 
(units) 
1 16 9 12 17 38 25 24 
2 21 10 43 18 19 26 17 
3 32 11 8 19 29 27 36 
4 5 12 29 20 12 28 11 
5 18 13 33 21 34 29 28 
6 26 14 39 22 49 30 23 
7 40 15 7 23 16 31 32 
8 31 16 15 24 30 32 17 
 
Then, for this system under study:  
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𝐷ഥ = ∑ ௗ೟
೅
೟సభ
்
≅ 24.69         (4.22) 
The curve below is the normal distribution curve in the figure below, and is represented by 
expression D ~ (𝑁(𝜇𝐷, 𝜎ଶ஽) 
 
Standard Normal Distribution 
 
 
 
𝑆஽ = ඥ𝑆஽ଶ
శ           
 (3.23) 
 
From above it follows that:  
 
𝑆஽ = ට
∑ (ௗ೟ିௗത)మ೅೟సభ
்ିଵ
శ
≅ 11.35        (4.24) 
 
If the system has an extreme beneficial yield of 50 units for every timeframe, and a base gainful 
yield volume of 5 units for every timespan, at that point the volume adaptability can be given 
as:  
 
𝐹௩ = ∅ ቀ
ହ଴ିଶସ.଺ଽ
ଵଵ.ଷହ
ቁ −  ∅ ቀହିଶସ.଺ଽ
ଵଵ.ଷହ
ቁ       (4.25) 
 
=  ∅(2.23) − ∅(2.23) =  0.9453  
 
 Delivery Flexibility (𝑭𝑫) 
A Framework’s capacity to shift arranged conveyance dates forward might be imperative to 
the supply chain framework. This adaptability enables the framework's capacity to react 
timeously to arrange changes, surge instructions, and other late alterations, and is depicted in 
this study as conveyance adaptability. It tends to be communicated as the level of slack time 
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when conveyance time can be diminished. All the more explicitly, it characterises t as the 
present timeframe, 𝐿௝  as the late due date time frame (or the most recent time span that 
conveyance can be completed) for job j, and 𝐸௝  as the soonest time span amid which the 
conveyance can be finished for job j. If there are 𝑗 = 1, . . . , 𝐽 jobs in the system, then the total 
slack time for all jobs j is given by the quantity 
 
∑ (𝐿௝ − 𝑡)
௃
௝ୀଵ ,          (4.26) 
 
And the least amount of time delivery for all jobs j is given as: 
 
∑ (𝐸௝ − 𝑡)
௃
௝ୀଵ .          (4.27) 
 
Therefore, 𝐹஽, the immediate delivery elasticity may be understood as the ratio of excess slack 
crossways all job j, which can be formally defined as:  
 
𝐹஽ =
∑ ቀ൫௅ೕି௧൯ቁି(ாೕି௧)
಻
ೕసభ
∑ (௅ೕି௧)
಻
ೕసభ
        (4.28) 
 
The expression above can be simplified to:  
 
𝐹஽ =
∑ (௅ೕିாೕ)
಻
ೕసభ
∑ (௅ೕି௧)
಻
ೕసభ
         (4.29) 
 
 Mix elasticity (𝑭𝒎) 
Mix elasticity is like procedure and employment adaptability. It by and large measures either 
the scope of various item types that may be created amid a specific timeframe, or the reaction 
time between item blend changes. Slack (1991) explained estimated blend adaptability as:  
o the number of various items that can be created inside a given timeframe; or  
o the time needed to deliver a fresh item blend. Product mix can be expressed as; 
 
𝐹௠ = 𝑁(𝑡)          (4.30) 
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Where 𝑁(𝑡) is the number of dissimilar types of products that can be made within time period 
t, with 𝑡 > 0 𝑎𝑛𝑑 𝑁(𝑡) ∈ 𝐼ା. The response of product mix flexibility, then, may be given as:  
 
𝐹௠ = 𝑇௜௝          (4.31) 
 
Where 𝑇௜௝ is the required time changeover from product mix i to product mix j, with 𝑇௜௝ ≥ 0for 
any i and j.  
 
 New product flexibility (𝑭𝒏) 
 
New product elasticity (𝐹௡) is taken as the simplicity with which new items are integrated into 
the framework. The presentation of new items for the most part includes some time for 
advancement. Sethi and Sethi (1990) examine estimating item adaptability as either cost or 
time required for adding new items to present creation activities. The expression of Time-based 
new product flexibility is:  
 
𝐹௡ = 𝐶           (4.32) 
 
Where 𝐶 is the period needed to add new commodities, with 𝐶 ≥ 0. 
 
4.1.8. Supply Chain Dashboard KPI 
 
Among other metrics, common metrics are used to measure supply chain efficiency. These are 
as follows (Mapokgole & Mbohwa, 2014): 
 
Inventory Turnover: supply turnovers are significant, although they are one of the most 
neglected metrics. KPI’s dashboards for inventory turnover are important parameters for sales 
and purchasing: i.e., ensuring that clients are getting their products within less lead time/cycle 
time. This is expressed as follows:  
 
𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑇𝑢𝑟𝑛𝑠 = (்௢௧௔௟ ௌ௔௟௘௦ି஼௢௦௧ ௢௙ ௌ௔௟௘௦)
(ூ௡௩௘௡௧௢௥௬ ௥௘௠௔௜௡௜௡௚ ௔௧ ௘௡ௗ ௢௙ ௬௘௔௥)
 =
𝑇𝑖𝑚𝑒𝑠 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑡𝑢𝑟𝑛𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟       (4.33) 
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Perfect Order Rate: this stock KPI is identified with consumer loyalty as it gauges the capacity 
to assemble an ideal request by consolidating the insights of delivery merchandise without 
harm, conveying shipments on schedule, invoicing orders effectively, and guaranteeing 
exactness and culmination of the request guarantee productivity of the distribution centre and 
authoritative capacity to surpass client desires and can be expressed mathematically as follows:  
 
𝑃𝑒𝑟𝑓𝑒𝑐𝑡 𝑂𝑟𝑑𝑒𝑟 𝑅𝑎𝑡𝑒 = # ௢௙ ௘௥௥௢௥௦ ௣௘௥ ௢௥ௗ௘௥
௧௢௧௔௟ # ௢௙ ௢௥ௗ௘௥௦
      (4.34) 
 
Back Order Rate: it becomes very important for companies to continuously discover what rain 
check rates are, and should immediately be alerted to signs of negative inventory network 
issues. Basically, delay purchases regularly get dropped and that is lost income. It is conceived 
that this should enable acquisition to comprehend their needs all the more. It is addressed as 
follows:  
 
𝐵𝑎𝑐𝑘 𝑂𝑟𝑑𝑒𝑟 𝑅𝑎𝑡𝑒 = # ௢௙ ௕௔௖௞ ௢௥ௗ௘௥௦
்௢௧௔௟ # ௢௙ ௢௥ௗ௘௥௦ (௙௨௟௙௜௟௟௘ௗା௢௨௧௦௧௔௡ௗ௜௡௚)
    (4.35) 
 
Inventory Accuracy: the accuracy of organisation inventory is very important and can make or 
break a company over a period of time. This graphic warns businesses as to whether or not 
there are problems in receiving, shipping, inventory identification, or accounting. Inventory 
accuracy can be expressed mathematically as follows:  
 
𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 = # ௢௙ ௜௧௘௠௦ ௖௢௨௡௧௘ௗ
௧௢௧௔௟ # ௢௙ ௜௧௘௠௦ ௕௢௢௞௦ ௖௢௨௡௧௘ௗ
= 𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 (%)  (4.36) 
 
Order Status: this realistically uncovers the status of all requests in the framework and 
organises them according to how critical they are. . Making this constant data accessible to 
deals, stockroom, acquisitions, stock control, client administration and bookkeeping through 
KPI dashboard will drive authoritative proficiency and improve efficiency. Companies have 
bar-coding systems integrated with ERP systems to track real time status of orders. This 
indicates whether an order has been completed, is still in process and/or is yet to be processed. 
 
𝐴𝑛𝑒𝑐𝑑𝑜𝑡𝑎𝑙 𝑖𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛: 𝑑𝑎𝑡𝑒 𝑜𝑟𝑑𝑒𝑟 𝑝𝑙𝑎𝑐𝑒𝑑, 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑜𝑟𝑑𝑒𝑟 𝑠𝑡𝑎𝑡𝑢𝑠, 𝑠ℎ𝑖𝑝𝑚𝑒𝑛𝑡 𝑑𝑢𝑒 𝑑𝑎𝑡𝑒 
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 Ratio of Inventory Sales: Conveying an excess of stock can be similarly as devastating as 
having close to nothing. Performing to ideal measurements will make productivity a lot simpler 
than superfluously tying up cash in an excessive amount of stock or running the danger of 
losing potential sales due to a sparse inventory. It can be expressed as follows:  
 
𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑆𝑎𝑙𝑒𝑠 𝑅𝑎𝑡𝑖𝑜 = ூ௡௩௘௡௧௢௥௬ ௏௔௟௨௘ (ோ)
ௌ௔௟௘௦ ௏௔௟௨௘ (ோ)
     (4.37) 
 
Rate of Returns: This metric key is included for the returned reasons and results in trend-
identification and reduction in rate of returns. KPI control panel will reveal the reasons why 
commodities are returned. Calculation below:  
 
𝑅𝑎𝑡𝑒 𝑜𝑓 𝑅𝑒𝑡𝑢𝑟𝑛𝑠 = ்௢௧௔௟ ௜௧௘௠௦ ௥௘௧௨௥௡௘ௗ
்௢௧௔௟ ௜௧௘௠௦ ௦௛௜௣௣௘ௗ
(%)      (4.38) 
 
Cost of Inventory: This is a depiction of all factors of the organisation’s carrying cost of 
inventory. It can be mathematically expressed as follows:  
 
𝐶𝑜𝑠𝑡 𝑜𝑓 𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 = 𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑐𝑎𝑟𝑟𝑦𝑖𝑛𝑔 𝑟𝑎𝑡𝑒 ∗ 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑣𝑎𝑙𝑢𝑒 (4.39) 
 
Some companies try and align this measure with working capital with the objective of 
processing orders in the pipeline that are of high value quickly in an attempt to reduce the cost 
of inventory. Once measures are defined and made known, the next step is to choose the right 
dashboard to display and visualise such data sets.  
 
4.1.9. Case Studies Categories Results 
 
In this section, categories of companies are discussed. The purpose of this research among 
other things is about creation of “value”, value is a robust and resilient supply chain system. A 
perfect supply chain system is, that which acknowledges ever-changing dynamics of the supply 
chains with resilience and vigor. It is not an expression of monetary worth, but it creates 
revenue with less “losses” if effectively employed. The supply chain society, comprehends 
value as something of prominence, worthy of being included in supply chain systems, i.e., its 
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usefulness to supply chain. It is about best practices that companies can learn from each other. 
Below, selected responses to questions from respondents.. 
 
● Category 1 Companies  
 
With this category like any other, it is no longer about connecting demand and supply at optimal 
costs, it’s mainly about customer satisfaction, selling value to customers. This requires a supply 
chain that is not just functional, but robust and resilient. With results from the questionnaires, 
the respondents indicated that there exists competition between supply chains of the 
organisations, and every supply chain is as strong as its weakest link. They indicated that for 
collaboration to function, the same should be at least done at a dominant actor, based on a win-
win collaboration with same goals. 
 
They further noted that “one-size-fits-all” kind of an approach to supply chain strategies do not 
always create good business results, for this reason, companies suggested that a better tailored 
approach to managing supply chain system is more likely to create business value due to the 
diversity of the organisations. 
 
Top performing companies use varying approaches in managing market needs and products. 
With artificial intelligence, supply chains can also be virtual, while at the same time sharing 
facilities (warehouses), with a centralised system to manage to metrics per division. This also 
results in less supply chain-related costs – ‘shared costs’. As for costs, in order to deal with this 
pressure, leading companies have implemented different strategies (pull-replenishment 
mechanism) throughout their value chain from suppliers (JIT). That is, materials only gets 
delivered when it’s required, and this need a robust and yet resilient supply chain in place to 
avoid disruptions, and also manufacturers in the value chain plan their production based on the 
material requirement plan from their customers, and same for their suppliers. This ensure a 
universal ‘perfect’ supply chain system in as far as material planning and deliveries are 
concerned. 
 
● Category 2 Companies  
 
The focus with this category is that supplier selection is performed in early stages from 
prequalified vendors with a proven track record, these are companies with high tech operations 
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for the raw materials, and this is in light of the complexities associated with the materials. One 
company indicated to have established what they call SCORE (supplier cost reduction effort) 
programs which was aimed at encouraging suppliers to reduce cost and improve on value of 
the materials. The value is seen as a robust system in this case. This was a form of an incentive 
in which both players, customer and vendor, exchange the benefits equitably, which stemmed 
from the problems raised by the both parties during interaction in their supply chain system. 
Problems are identified and converted to opportunities of value that is measurable. The focus 
is on improving the supplier performance and this influence future business awarding. This 
way, the suppliers are always keen on improving their operations to secure future businesses. 
Suppliers, throughout the value chain replied with interesting good ideas on how to improve 
supply chains. Some suppliers, even offered training to employees of their customer, so they 
can understand the technologies and technicalities involved in the creation of value. Workshops 
were conducted amongst these stakeholders to identify non-value adding activities, these 
resulted in cost saving for both companies. Therefore, it is clear that supply chain improvement 
needs continuous improvement commitment to be realised. 
 
 Category 3 Companies 
 
This category is different from the previous ones, in that it is of service in nature. We discuss 
the concept of supply chain finance from one of the banks. The concept is centred from 
addressing cash flow related problems in supply chain system. The challenges stems from 
payment cycles, different company sizes, different company payment rules, different credit 
terms, etc. Some (small medium enterprises) SMEs have no bargaining power, they are just a 
member of the supply chain community, and also included in the research. This present an 
unbalanced business models amongst supply chain players, reality is some pay cash on delivery 
while others pay after said payment terms. The problem which rises is that SMEs end up 
running out of cash to maintain its businesses. Moreover, what one of the companies 
highlighted is that finance department recommended to develop ‘supply chain finance’ into 
their supply chain model. The use of petty cash was greatly discouraged and found to be 
erroneous from the companies concerned. This has to do with culture of South African citizens, 
as other companies of other countries are continuing to use petty cash. 
 
As for big companies, the system used for payments is integrated with electronic data 
interchange and automated funds payments which helps in reducing paperwork and duplicated 
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processing of the invoices. The company indicated that in the supply chain, most of their 
suppliers are using same ERP system (SAP system) which is integrated with that of the 
companies. Due to high level of invoices, in the past, they experienced a lot of unpaid and long 
overdue payment, they came up with a tailored system where the supplier load invoices (more 
like a payment requisition) and it feeds to receiving department. The Receiving personnel 
confirms receipt of the material in SAP and process MIGO, and the request through SAP 
workflow gets to Finance department for final validation and postings. This way, there were 
no delays, and overdue payments. They also indicated that weekly reports are prepared, 
showing exceptions that of payment stuck in the workflow for more than two days. Action are 
assigned and flagged for resolution. 
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Chapter 5: Conclusion  
5. Introduction 
Due to its global nature, sensitivity and systemic impact on companies’ financial performances, 
the supply chain system faces more risks and threats than any other system in the value chain. 
However, though the supply chain value system is a very important subject for organisations, 
this topic receives far less attention than it deserves although it forms the heartbeat of the 
company and its performance sets the initial basis for performance of the company. 
 
The first few paragraphs of this section provide conclusions of the research report in the 
literature that partly address the problem statements of this research work. The last sections 
address concluding remarks for other objectives considered herein.  
 
5.1. Questionnaires : Supply Chain System 
With supply chain questionnaires carried out, it became evident that top performing companies 
are much more hostile in adopting SC technologies as part of their enhancement advantages. 
Transportation management is seen as the number one application deployed by this class. 
Implementing marketing technologies has realised good profit results in the case of world-class 
organisations and an example is lower raw materials costs, enhanced metrics of orders and the 
reduction of inventory. 
 
A valuable result of these studies is the upgrading of their existing technology in the section of 
supply chain management or engineering. From the survey questionnaires conducted in this 
study, it has been seen that 62 percent of organisations are planning to spend more money on 
new projects in supply chain in future years. Amongst these, there are 125 large companies, 36 
percent of medium companies and 52 percent of small companies who are planning to 
implement this type of project. This generally involves hardware implementation and software 
fees. Among them, 29 percent of the respondents in the survey have invested millions in new 
projects. However, some organisations understand the importance and the efficient roles of 
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technology planning within the supply chain and successful organisations, globally, have 
embraced supply chain technology as the change agent in the markets of the future.  
5.1.1. Overall use of Technology by all Classes 
 
From the questionnaires, results indicated that most organisations attempt to reduce 
transportation costs which constitute a crucial part of the supply chain management strategy. 
Sixty percent of these successful organisations have implemented the transportation 
management system (TMS) in order to control the movements of freight. In comparison, 25 
percent of the dawdlers and a further 45 percent of the organisations have incorporated TMS 
into their enhancement strategies. This specific process needs rail scheduling, ocean shipments, 
and some rail tracking instruments. It is recommended that these companies need to focus on 
the vendors who have enough credibility and capability regarding these aspects. However, 
many situations and solutions do not provide these service requirements efficiently. In the table 
below, other areas in which top performing companies are looking to invest in new 
technological systems as part of improvements to their supply chain system.  
Table 7  Top Performers Adopt Technology to Drive SC Improvement 
System Enhancement Tools 
(ERP) 
Top  Performers Industry Average Dawdlers 
Transportation Management 60% 41% 25% 
Product Traceability 57% 52% 13% 
Inventory Optimization 44% 29% 38% 
Warehouse Management 43% 17% 25% 
Strategic Network Design 40% 17% 25% 
Demand Management  40% 30% 25% 
Manufacturing Applications 36% 39% 13% 
Sales Data Visibility 29% 17% 13% 
 
Most of these groups have started to implement supply chain engineering in an attempt at 
continuously improvement, and top performing companies have realised excellent results by 
implementing these types of efforts. The results of this study have provided evidence that top 
performers have implemented supply chain management within their systems which has 
assisted in them in improving their profits and which has assisted them in enhancing the supply 
of demand which, has increased the efficiency of the service and, consequently, reduced the 
costs involved. 
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5.1.2. Recommendations for Action 
In order to reduce the 7.96 percent increase of logistics costs from the questionnaires feedback 
analysis, organisations should implement supply chain practices of top business organisations. 
One of the aims of implementing improved supply chain technology in companies should be 
to increase their competitive advantage through reducing their manufacturing and distribution 
costs. 
If the organisation is attempting to enhance its category from dawdlers towards the industry 
average, or from the industry average towards the top performers, or is attempting to maintain 
their leading class status, these implementations are recommended. 
5.1.3. Dawdlers Steps to Success 
The following are recommendations on how dawdlers can succeed and/ or make it to the top. 
 Improving processes of sales and operations planning (S&OP) forecasting;  
 By improving the processes of forecasting and operation and sales planning process. 
From the questionnaire survey of this study, it has been seen that only 33 percent of the 
dawdlers possess the ability of improving to a percentage of 71 percent and better. Only 
one quarter or one third of the top business performers have the ability to improve at or 
better than 71 percent. Enhanced management demand technology, including what-if 
analysis and improved S&OP determination may drive crucial customer service as well 
as the inventory enhancements. Within the new plans of the implementation, 
technology of the demand management always takes the first place. 50 percent of 
respondents of this survey have indicated that investment in this area would be made in 
future months. 
 By speeding up the demand management and in-story process. 
 The inventory policy should be reviewed, several times annually in order to enhance 
the ability to bring changes that are demanded by customers. 
 It has been found that dawdlers are dependent on some third-party supply chain logistics 
for meeting the requirements of distribution. It is recommended that these companies 
should develop more expertise as far as these initiatives are concerned, should they 
wish to compete more successfully in the market place. Nearly 45 percent of industry 
respondents reported that they have invested in enhanced transportation technology 
management process in order to drive improvement in SC and 39 percent of those 
respondents are currently looking to improve the functionality of their warehouses. 
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5.1.4 Average Steps to Success 
 
 Value supply chain centralisation 
Master planning, as well as a centralised control process, assists companies to oversee the 
supply value chain network. In addition to this, it coordinates the logistics as well as the 
manufacturing requirements in reducing costs and appeasing customers. 
 Achieving the process as well as data visibility 
Top of the ‘Most important’ category and as far as plant floor visibility is concerned is an 
efficient supply value chain. These types of companies need to control information within the 
supply chain value applications of partnerships and this could be achieved through overlaying 
with a dashboard, portal, and visibility technology, together with the supplier relationship 
management. Visibility technology of supply chain generally ranks highly with the top five 
companies as far as the future technology and the current investments or the respondents of the 
survey are concerned and they need to engage and collaborate with the trading partner as well 
as engage with supply chain engineering. This is to ensure that the supply chain would remain 
as a competitive differentiator of customer service. 
5.1.5. Top Performers Recommendations 
 
For the top companies, we recommend the following steps: 
 Planning and execution of closed-loop integration  
As far as establishment of the closed-loop type of integration of the planning and the 
execution is concerned, the execution of synchronizing planning should extract greater 
capacity from the production. In addition to this, it can match with the inventory 
regarding the short- term demand of customers by reducing costs of transportation. 
Organisations should update the management of warehouses in order to achieve this 
and companies need to invest in several applications in order to support the composite 
planning application, event management business management, and the service-centres 
architectures. Top business companies need to look at the profitability of their own 
production as well as whether their innovations are ensuring that customers are making 
profits.   
 Explore new Supply Chain technology advancements as far as exploration of the recent 
advancement of the supply chain value technology is concerned. Recent advancements 
in technology are starting to support inventory optimisation that is also multi-echelon. 
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In addition to this, it also supports their attribute-centric planning and accuracy of short-
termed forecasting, the traceability which is final and other improvements of the supply 
chain value technology. Top organisations are starting to introduce the formal process 
of testing recent technologies to the gauge their usefulness and, in this case, it can be 
achieved through the maintenance of competitive management of supply chain. 
 
5.2. Disruption Management 
The research questionnaires findings showed that the impact of disruptions are not equal, nor 
are the consequences. The risk of disruption depend on the size of the organisation. The 
respondent’s feedback is useful in that it gives the researcher an opportunity to improvise the 
drawbacks that created major supply chain problems. The responses suggest the changes that 
need to be made in managing and identifying the disruptions faced by organisations. Based on 
the respondents’ feedback, the sources of disruptions encountered were identified and are 
summarized below: 
 Transportation facilities: better transportation procedures can be instituted which would 
result in the improvement of the supply chains running programmes in the country. The 
excessive number of breakdowns and other interference with transport which lowers 
the demand for certain goods and is of concern to the supply chain management 
programme in the company, which tries to overcome this risk and try to incorporate 
new techniques for improving the transportation procedure; 
 Natural weather hazards affect the efficiency of supply chains; 
 Strikes: this phenomenon affects the efficiency of the supply chain and falls into the 
category of labour relations and demands the attention of management; 
 Production problems: this procedure emphasises the breakdown of equipment that is 
included in increasing the demand of the company to improve the supply chain 
programmes in the industry; 
 Stock: this procedure emphasises increasing the ERP system that focuses on increasing 
the stock and gathering relevant information from sources collected by the researcher. 
Important solutions are provided in order to increase the regulatory of counts and 
measures that are recorded when receiving important materials from the sources; and 
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 Supplier issue: it emphasizes on the supplier demand of materials that are not sent to 
the company to serve as safety stock of the future production considerations, to avoid 
disruptions. This seek to address the need to respond to the fact that disruptions increase 
the demand for supply chain management programmes in the industry and management 
need to be aware of this.  
When there is an improvement in the economy, manufacturing is increased and this is 
dependent on total value chain programmes for the betterment of the industry in future. 
Collaborating with the supply chain helps increase the common goal for gathering information 
that creates transparency by increasing the demand of the company for the future. It also 
emphasises improving the demand pattern that is introduced in the increase in supply chain 
management programmes in the company for the future. The formidable amount is 
incorporated in order to increase the supply chain management that is used in improving the 
supply of products that are introduced in the company for the future. It also focuses on utilising 
the information that is received in improving the infrastructure of the supply chain management 
programmes that are introduced in the industry for better improvement in future. 
5.2.1. Risk Management 
 
The increase in risk management, as a main component of “disruption management” can be 
concluded by conducting new procedures in order to increase the influence, good name and 
fame of the companies for the future. It also emphasises accepting consequences that create 
disruptions by rewarding individuals regarding the actions that they take in order to reduce the 
probability and increase the gap of risks in supply chain management. Based on these 
circumstances business is trying to recover and return to the normal position in the market. 
This can be depicted graphically as below: 
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Figure 16 Disruption Management: critical functionality over time (Tomlin, 2006) 
 
With this information, it is relatively easy to see how long it takes to recover critical 
functionality under varying circumstances, i.e., if a risk is high, normally it may take a long 
time to recover from it and the loss may equally be high. Above all, time taken should depend 
on the mitigation strategies considered to address the risk.  
 
Risk mitigation strategy that respond well to the risk, is the best strategy under normal 
circumstances. Risk response time becomes an important factor in this instance. Risk and/or 
disruptions with high impact should be avoided at all costs, and low impact can be accepted. 
5.2.2. Operations Planning 
 
The increase of levelling operations focuses on identifying the mix and volume processes that 
receive benefits in improving the value system as shown in the previous sections. It also focuses 
on eliminating the source of the problem by controlling the production and ensuring high 
standards by increasing the level of supply chain management in the organisation. Due to the 
increasing problem in production for rescheduling the stability, production planning and 
control introduces the levelling discussed by the researcher. It is also concerned with the 
problem that creates difficulty in introducing the techniques that include Heijunka and other 
techniques. Based on the unevenness of the operation input and output overtime, the level of 
overburden and productivity of mechanisms is trying to introduce workstations for improving 
the traditional procedure in order to control wastage that creates problems through increasing 
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the infrastructure of the organisation. Every process is aimed at preventing employees being 
overburdened by increasing customer-demand and promises of contractual dates for delivery. 
The results of the research include: 
●  Factors which create potential disruptions in identifying and dealing with contractual 
dates fixed by customers are not easily detected;  
● The producing procedure is comparatively smooth as it is well- planned so that the 
operations are carried out without any disruptions or interruptions; 
● The working procedure is based on the level of Heijunka; 
● There is little rush in the workplace;  
● Synchronisation procedure is based on customer requirements which focus on 
improving the customer facility;  
● Inventory levels are attempting to reduce the problems for increasing the effectiveness  
of the research; and 
● Excess production is encouraged in order to improve the relationship with the customer.  
Based on the results, random interferences are highlighted in order to improve the system.  
5.3. Performance Measurement 
Careful choice of performance metrics is the significant stride in the design of any system. 
Usually, the larger and more multifaceted the system is, the more puzzling it is to efficiently 
measure and gauge. Meanwhile there is an ever increasing number of SC elucidations presented 
in the literature, yet, most present models use unfitting performance metrics which are also 
unfitting, which proved to be limited in scope. Of course, the use of simple performance metrics 
is tempting, since simple metrics are more easily implemented into numerical models; 
however, by limiting the scope of the performance metrics, these models ignore important 
performance trade-offs. The effects of these performance trade-offs are overstated when the 
SC is reconfigured on the basis of a non-inclusive measurement system. In order to improve 
the effectiveness of supply chain models, performance measures must be selected that will 
allow for a more complete and accurate analysis. This research discusses the importance of a 
supply chain system to achieve simultaneously a high level of efficiency, a high level of 
customer service and the ability to respond effectively to a changing environment. 
 
In conclusion, increasing the performance measurement of supply chains leads to an increase 
in their effectiveness while addressing the objectives discussed by the researcher. It also 
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increases the variety of performance measures in order to identify the supply chain models that 
have been given emphasis in this study. The purpose of the research hypothesis is seen as an 
experiment to define the boundaries of a robust and resilient supply chain system for selected 
group of companies. The results and case studies carried out in the research study indicated 
that, it is possible to develop a robust and resilient supply chain system for companies 
concerned. Therefore, this further proves the hypotheses this research seeks to prove to be true. 
 
5.3.1. Future Endeavours 
 Supply Chain Disruptions: 
 
After determining the effects as well as causes of supply chain disruption, an in-depth inference 
is needed. In addition, strategies are also needed in order to cope with the facts. In view of 
future scope, interdependency associated with the risks experienced by supply chain companies 
can be determined by the researcher. Single type events such as downturn decline could cause 
various types of future disruption. These types of disruption might include a range of issues 
from absenteeism tendencies of staff to lack of resources like raw materials. These types of 
risks are expected to be connected to each other.  
 
Another aspect for future research could be in the field of the development of marketing 
strategies in order to design promising supply chain management. This design of the future 
scope could contain the process of buffering in the infrastructure of supply chains. Companies 
can learn to place buffers in the right quantities which could eliminate disruptions, as well as 
other types of risks and, consequently, protect themselves. In addition to that, different forms 
of buffers like redundant supply, inventory and capacity might be included in future studies. 
Through detailed analysis of the analytical models, it can be deducted that the decision-makers 
in the supply chain could have more knowledge concerning the different types of risks related 
to disruption. However, in daily practice, it is difficult to anticipate and estimate the risks 
related to inventory. For instance, disruption might occur by assumed time limits. Therefore, it 
is suggested that models need to be developed that are sensitive towards errors within discussed 
parameters. 
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 Supply Chain Engineering 
 
Plenty of literature, studies and experiments are available regarding Supply Chain 
Management. However, as Supply Chain Engineering is a new field, little research is available 
on this subject. SCE can be referred to as the ‘young’ method in the field and there are few 
publications available regarding it. SCE is the upstream expert authority and the basic principle 
of SCE is effective as well as efficient SCM. At first, SCE optimises the supply chains and 
thereafter integrates them in order to control them effectively. Not only specific components 
of it, however, but the entire supply value chain has been optimised holistically. SCE is 
designed to accept orders and to receive cash from customers and can be denoted as an overall 
and independent method for designing an efficient supply value chain system. 
 
The value-adding-system is concerned with SCE. As far as this is concerned, in the aspect of a 
value-adding system, a network structure is created which is pre-optimised. In addition, 
processes of the supply chain are created in this process. As a solution to this approach, focus 
is on the cost-optimisation process which is determined as holistic as well. Supply chain 
mentors and system engineers need to consider the recent process of optimisation of the value 
supply chain carefully. 
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Appendix 1: Publications 
This dissertation can be seen in part as a compilation of “peer-reviewed articles” by the Student 
during his research. The research paper is coupled with quantitative research questionnaires in 
order to support findings from articles and to suggest ways to develop a healthy and more 
resilient Supply Chain system. Below, a list of research articles that have been peer-reviewed 
and presented in conference-proceedings. 
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Appendix 2: SCM Questionnaires 
(Questionnaires are also attached as a separate document) 
 
 
 
 
 
